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ABSTRACT
Three objectives that could lead to improved 
understanding and management of Pythium root rot of sugarcane 
were addressed. First, the potential of amending soil with 
different organic wastes to suppress root rot was evaluated, 
and the biological and chemical properties of wastes that may 
contribute to disease suppression were identified. Secondly, 
herbicide interactions with root rot affecting sugarcane 
growth were assessed. Finally, the role of weeds in disease 
epidemiology was investigated.
Greenhouse and laboratory studies indicated soil 
amendment with some organic wastes offers a sustainable 
disease management option through biological control. 
Amendment with different wastes had variable effects. Sewage 
sludge, sugar mill filterpress cake, and cotton gin trash 
compost enhanced sugarcane growth by suppressing root rot. 
Bark composts enhanced plant growth and suppressed disease 
when added in either nonsterile or sterilized forms. 
Municipal yard waste compost generally had no effect on 
disease severity and plant growth. Municipal solid waste 
compost decreased plant growth.
Sewage sludge, filterpress cake, and cotton gin trash 
had the highest microbial activity levels; generally contained 
higher N, P, K, and Mg levels; and had lower C:N ratios than 
other wastes. Bark composts had high microbial activity, lower
xi
N, and higher Ca, S, and C:N ratios. Municipal solid waste 
contained high salt concentrations.
Six herbicides had different effects on sugarcane growth, 
Pythium arrhenomanes, and disease severity in greenhouse and 
laboratory experiments. Some herbicides inhibited mycelial 
growth of P. arrhenomanes in vitro but did not reduce disease 
severity. Herbicides that were not phytotoxic generally did 
not increase disease severity or reduce plant growth. 
Herbicides that were phytotoxic always resulted in increased 
disease severity, but it was uncertain to what extent plant 
growth reductions were caused by enhanced disease or direct 
herbicide injury.
Greenhouse and field studies indicated grasses common in 
sugarcane fields serve as alternative hosts for P. 
arrhenomanes. They could thus provide inoculum during the 






Sugarcane, Saccharum officinarum L., was introduced to 
Louisiana in 1751 and has been a major crop since 1820 
(Matherne et al., 1977). During 1994, sugarcane was
cultivated on approximately 160,000 hectares, and it ranked 
as the number two crop in terms of value-added economic 
importance (Anon., 1995).
Sugarcane clones initially introduced to Louisiana from 
India and .the South Pacific were susceptible to many 
diseases, including root rot (Carpenter, 1920; Rands, 1961; 
Rands and Dopp, 1938) . The identification of the causal agent 
of root rot took many years. Root rot in the cultivar 
"Lahaina" in Hawaii was demonstrated to be caused by a 
Pythium species (Carpenter, 1919, 1920, and 1921). Later,
Pythium was confirmed as the causal agent of sugarcane root 
rot in Louisiana (Edgerton, 1928; Edgerton et al., 1929; 
Rands, 1929). There was some uncertainty as to the identity 
of the species of Pythium causing root rot. Finally, Pythium 
arrhenomanes Drechs. was identified as the pathogenic species 
(Drechsler, 193 6). Numerous other Pythium species have been 
isolated from sugarcane roots, and many were reported to be 
pathogenic (Croft, 1988; Hoy and Schneider, 1988b; Hsu and 
Liu, 1966; Koike, 1971; Liu, 1980; Rands and Dopp, 1938; 
Watanabe, 1974). However, symptoms caused by other species 
are mild in comparison to those caused by P. arrhenomanes. 
Plant growth is reduced in steam-treated soil infested with 
some of these species, but they cause no appreciable root rot
symptoms (Hoy and Schneider, 1988b). Their effects under 
field conditions are unknown. Pythium root rot together with 
two other diseases, red rot (stalk rot) and mosaic, caused 
drastic yield reductions and nearly eliminated the Louisiana 
sugar industry during the 1920's (Rands and Dopp, 1938) .
During the 1930's and 1940's, research identified P. 
arrhenomanes as a causal agent of root rot diseases of other 
crops belonging to Poaceae family, such as barley, wheat, and 
various grasses (Sprague, 1946; Vanterpool and Sprague, 1942; 
Vanterpool and Truscott, 1932). Research on Pythium root rot 
of sugarcane during the 1950's centered on descriptions and 
field surveys of soil microorganisms antagonistic to P. 
arrhenomanes (Connell, 1952; Cooper and Chilton, 1950; 
Johnson, 1954; Luke, 1952). This research suggested that
antagonistic microorganisms in the soil limit severity of 
sugarcane root rot. In a greenhouse experiment, control of 
Pythium root rot with antagonistic microorganisms was 
demonstrated (Johnson, 1954).
Development of interspecific-hybrid sugarcane cultivars 
with increased resistance for diseases, together with 
improvements to surface drainage, are believed to have 
reduced severity of Pythium root rot. As a result, the
disease came to be considered important only during cold, wet 
winters (Matherne et al., 1977). However, recent reports of 
replant or yield decline diseases of numerous crops involving
Pythium spp. (Cook et al., 1987; Cook et al. , 1980;
Hankcock, 1985; Hendrix and Campbell, 1983; Pillay et al., 
1986; Sewell, 1984), prompted a reinvestigation of the role 
of P. arrhenomanes in root rot of sugarcane (Hoy and 
Schneider, 1988a, 1988b, and 1989) . These investigations
concluded that, under disease-conducive conditions, extensive 
damage to the root system of current cultivars can result in 
poor plant growth. The evidence suggests that Pythium root 
rot plays a significant role in sugarcane stubble decline, 
which is a complex yield decline syndrome characterized by 
progressive reductions of ratoon or stubble crop yields in 
successive years. This limits the length of the crop cycle in 
Louisiana to three crops, a first year, plant cane crop and 
two ratoon crops.
Symptoms of Pythium root rot in sugarcane have been 
described in detail (Hoy et al. , 1995 In press) . Above-ground 
symptoms usually are not obvious in the modern, interspecific 
-hybrid clones cultivated in Louisiana. However, damage done 
to the root system of hybrid clones by Pythium can result in 
less tillering and lower stalk weight (Hoy and Schneider, 
1988b). Pythium is a parasite of young, immature tissues 
(Hendrix and Campbell, 1973) . The pathogen invades root tips 
and grows inter- and intra-cellularly into all young root 
tissues, including the stele. Infected root tips are water- 
soaked and flaccid, and the margin of an infection site 
consists of a zone of tissue that is reddish-brown in color 
(Hoy et al., 1995 In Press) . Short lateral roots with lesions
at tips, as well as lesions on the primary roots where 
lateral roots once attached, are evident. Rotting of the sett 
roots which emerge from the root primodia at nodes can 
inhibit or delay bud germination and initial shoot growth. 
Primary roots may show general reddish-black discoloration 
and, under severe disease conditions, primary root tips may 
be rotted. Most injury occurs in lateral roots. Because 
lateral roots are responsible for most water and nutrient 
uptake, this damage can reduce plant growth and sugar yield.
The introduction of vigorous, interspecific-hybrid 
clones with some resistance to Pythium root rot and 
improvements in surface drainage reduced the potential 
severity of Pythium root rot (Matherne et al. , 1977) .
However, recent reports of the debilitating effects of 
Pythium root rot in a number of crops (Cook et al.,1980; 
Hendrix and Campbell, 1983 ; Pillay et al. , 1986; Stanghellini 
and Kronland, 1986; Sumner et al., 1986) and research on the 
role of soilborne pathogens in sugarcane in Australia 
(Chandler, 1984; Croft and Magarey, 1984a; Croft et al., 
1984b; Egan et al. , 1984; Magarey, 1984 and 1986) prompted 
additional studies of the effects of Pythium spp. on the 
growth and yield of sugarcane in Louisiana (Hoy and Schneider 
1988a, 1988b, and 1989). These studies, together with
previous reports (Edgerton et al. , 1934; Carpenter, 1934;
Flor, 193 0a and 193 0b; Hoy and Schneider, 1988b; Rands and
Dopp, 1938; Van der Zwet, 1957) strongly suggested that 
Pythium root rot can adversely affect growth of current 
sugarcane cultivars under mild to cool temperatures and wet 
conditions favorable to growth and sporulation of the 
pathogen but unfavorable to plant growth.
Effects of soilborne pathogens on sugarcane growth can
be determined from differences in cane growth in soils with
and without a history of cropping to sugarcane and from the
growth increase resulting from soil fumigation (Croft et al. ,
1984b; Hoy and Schneider, 1988a; Martin et al. , 1959).
However, growth reduction caused by Pythium root rot under
field conditions is difficult to estimate. Increases in plant
growth following application of the selective fungicide,
metalaxyl generally do not approach the typically large
increases in plant growth resulting from soil sterilization
(Croft et al., 1984b; Hoy and Schneider, 1988a). In
Louisiana, reductions in plant growth in field soil compared
with the same steam-treated soils are often, but not always,
associated with a high frequency of isolation of Pythium (Hoy
/
and Schneider, 1989; Lee and Hoy, 1992) . In North Queensland 
and Florida, it is difficult to demonstrate growth and yield 
reductions due to Pythium root rot (Hoy et al. , 1995 In
Press). Furthermore, the responses to metalaxyl, nematicide, 
and their combination do not approach the growth responses 
following soil fumigation. All this evidence suggests the
involvement of additional organisms in root disease of 
sugarcane.
The amount of damage caused by Pythium root rot depends 
on many factors, such as cultivar susceptibility, growth 
conditions, pathogen inoculum potential, and possible 
interactions between root rot and mosaic (Koike and Young, 
1971) , ratoon stunting disease, stalk rot disease, and 
nematodes. Data suggest that, in regions where sugarcane 
plants must persist through periods with conditions 
unfavorable for plant growth but favorable for Pythium growth 
and reproduction, the pathogen will cause root system damage 
and reduce growth during those periods. However, sugarcane is 
an indeterminate growth plant, and the effect of root rot 
early in the growth season on final yield is uncertain. The 
economic importance of Pythium root rot is probably 
underestimated due to the lack of readily discernible, above­
ground symptoms and because some adverse effects on stand 
establishment and yield are manifested indirectly through 
interactions with stress factors and other diseases.
Control of Pythium root rot will increase yields 
enabling the crop cycle to be lengthened. This would result 
in more efficient land usage, reduced costs of crop 
production, and increased profitability. Cultivar resistance 
is an important means by which Pythium root rot damage can be 
reduced. Differences in resistance between Saccharum species 
and among interspecific-hybrid clones of sugarcane have
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been reported (Abbott and Summers, 1951; Rands and Dopp, 
193 8; Srinivasan and Narasimhan, 1963) . Saccharum spontaneum 
L. is a good source of resistance. However, in most cultivar 
development programs, selection and release of new cultivars 
is a lengthy process. Few breeding programs screen for 
resistance to Pythium root rot. It is assumed that clones 
susceptible to root rot will be eliminated due to poor yields 
by natural infection in field experiments. The lack of 
knowledge about the heritability of resistance and means of 
efficient selection make it difficult to produce cultivars 
with high levels of resistance.
The prospects for successful control of Pythium root rot 
with fungicides also are not promising. Use of fungicides is 
an expensive disease management option. Effective use 
requires epidemiological knowledge of a disease, such as 
temporal and spatial disease occurrence and the potential 
severity and impact of disease on yield. Results from 
experiments with field applications of metalaxyl have been 
erratic (Hoy et al. , 1991). Other fungicides have been
investigated for root rot control (Croft et al., 1984b). As 
yet, no effective compounds have been identified. Soil 
solarization did not provide effective Pythium control due to 
rapid recolonization of the soil by the pathogen (Reghenzani, 
1988). Soil fumigation may provide a desirable level of root 
rot control, but economic considerations will keep this 
practice prohibitive for use in sugarcane.
Cultural practices that provide conditions for optimum 
plant growth and prevent favorable conditions for pathogen 
reproduction can reduce the severity of Pythium root rot. 
Good surface soil drainage is one such practice. In addition, 
subsurface drainage during winter months has given promising 
results in Louisiana (Carter and Camp, 1983). However, good 
drainage is not possible at all times and in all field 
situations in Louisiana due to periodic high rainfall, low 
land elevation and high water tables.
Soil microorganisms antagonistic to P. arrhenomanes were 
identified from soil samples collected from sugarcane field 
soil (Connell, 1952; Cooper and Chilton 1950; Luke, 1952). 
Biological control of root rot was demonstrated in plants 
grown in the greenhouse in sterile soil amended with 
antagonistic microorganisms and inocula of Pythium (Johnson, 
1954) . In India, field resistance and susceptibility shown by 
two different sugarcane cultivars were demonstrated to be 
associated with differences in the composition of the 
rhizosphere microorganism population associated with each 
cultivar in the field (Srinivasan, 1968).
Successful, long-term establishment of introduced 
biological agents can be difficult in field situations. 
However, it might be possible to introduce microbial 
populations or increase indigenious soil microbial 
populations and enhance broad-spectrum, natural biological 
control with soil amendments of organic wastes. Soil
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amendments with organic waste have been shown to improve soil 
productivity and enhance crop plant growth (Fraser et al. , 
1988). Another possibility is that organic waste amendments 
benefit plant growth by suppressing soilborne diseases. 
Suppression of root rot with soil amendments of organic 
wastes would offer a natural, sustainable disease management 
practice. It also would provide recycling alternatives for 
waste disposal problems.
Reports indicate that composts prepared from different 
organic wastes can suppress certain Pythium diseases (Chen et 
al. , 1988b; Chen and Harder, 1985, Harder and Mandelbaum,
1986; Hoitink, and Fahy, 1986; Lumsden et al. , 1983a and
1983b; Mandelbaum et al. , 1988; Nelson and Hoitink, 1983;
Nelson and Craft, 1993; Papavizas and Lumsden, 1980) . The 
suppression of Pythium diseases with compost amendments has 
been attributed mainly to biological factors (Chen et al. , 
1987a; Chen et al. , 1988a; Harder and Mendelbaum, 1986;
Hoitink and Fahy, 1986;). Competition for available nutrition 
(Chen et al. , 1987b; Chen et al. , 1988b; Elad and Chet,
1987), hyperparasitism (Harder et al. , 1983; Henis and Chet, 
1975; Siven et al., 1984), competition for iron (Becker and 
Cook, 1988; Schippers et al. , 1987) and production of soluble 
(Lockwood, 1977) and volatile (Howell et al. , 1988)
inhibitors or hydrolytic enzymes (Roberts and Lumsden, 1988) 
are some of the proposed mechanisms for Pythium suppression. 
The effects of organic waste amendments on sugarcane soil
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microflora, P. arrhenomanes, Pythium root rot, and growth of 
sugarcane are not known.
Little is known about the epidemiology of Pythium root 
rot in sugarcane. Research on soilborne diseases is difficult 
due to the inaccessibility of the pathogen and portion of the 
plant affected. Pythium arrhenomanes is difficult to isolate 
from soil (Hoy, J. W. , unpublished) . Therefore knowledge 
about Pythium inoculum levels, spatial distribution within 
and between fields, seasonal and crop-cycle population 
fluctuations, and information on the effects of these factors 
on disease severity is deficient.
Alternative hosts can play an important role in the 
epidemiology of soilborne plant pathogens (Garrett, 196 0). 
Pythium arrhenomanes is a causal agent of root rot of several 
Poaceae crops, such as barley, corn, sorghum and wheat 
(Johnson, 1952; Vanterpool and Sprague, 1942; Wagner, 1936), 
and the pathogen has been isolated from roots of numerous 
grass plants native to great plains of North America 
(Vanterpool, and Sprague, 1942) . Many annual and perennial 
grass species are found commonly in Louisiana sugarcane 
fields, and their role in the epidemiology of Pythium root 
rot of sugarcane has not been described. It is likely that P. 
arrhenomanes persists in roots of perennial and annual grass 
weeds or in volunteer cane plants during fallow or winter 
periods. Infected roots of alternative hosts are possible 
sources of inoculum. Abundant asexual sporulation may occur
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in infected tissues, and high quantities of zoospores can be 
produced under wet soil conditions. The role of alternative 
hosts in the epidemiology of Pythium root rot of sugarcane 
has not been described.
In addition to their primary effects on weeds, 
herbicides can have other effects on the physiology of crop 
plants and the chemical and biological properties of soils 
(Altman, 19-93) . In most instances, the herbicide site of 
action is present and functional in the crop, and the lack of 
crop injury is due to events, such as herbicide inactivation 
by degradation, inactivation by conjugation, or limited 
translocation within the plant (Ashton and Craft, 1973) . 
However, herbicides applied at concentrations adequate to 
kill weeds may cause sublethal changes in the physiological 
and biochemical processes of crop plants (Hess, 1993) . These 
stress conditions can result in altered membrane permeability 
and leakage of cellular contents into the root-soil 
interface. This increased availability of root exudates, 
which consist mainly of amino acids and sugars, in turn may 
be a good source of nutrients for propagule germination and 
growth and development of opportunistic fungi, such as 
Pythium spp. (Altman and Rovira, 1989). Evidence suggests 
that propagules of some Pythium spp. depend on exogenous 
nutrients for germination and ultimately for successful host 
infection (Elad and Chet, 1987; Kao and Ko, 1983).
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Herbicide induced stress in crop plants has been 
reported to predispose them to root rot diseases (Altman, 
1993; Altman and Campbell, 1977; Altman and Rovira, 1989; 
Katan and Eshel, 1973) . This has been demonstrated with 
glyphosate and several plant species (Levesque and Rahe,
1992) . Glyphosate is used as a ripener in sugarcane, but it's 
effects on root rot severity are not known. Pythium 
arrhenomanes can cause a disease of rice, termed dead tiller 
syndrome, following application of herbicide, fenoxaprop 
(Lee, 1990) .
There are additional effects of herbicides on host/ 
soilborne pathogen interactions (Bollen, 1979 and 1993). 
Chemicals applied to foliage can be translocated downward in 
plants and released from roots into soil, either intact or as 
metabolic by-products (Hale and Moore, 1979) . Some chemicals 
with fungicidal properties have been shown to provide disease 
suppression in the field (Grau and Reiling, 1977; Schuldt and 
Wolf, 1956) .
Herbicides also are known to cause direct and indirect 
effects on soil microorganisms (Bollen, 1973; Quinn, 1993). 
Soilborne plant pathogens are a component of the general soil 
microbial ecosystem, and many population interactions take 
place (Altman, 1993). Plant diseases may be enhanced due to 
indirect herbicide effects on soil microorganisms that are 
antagonistic to root pathogens (Bollen, 1993). Some 
herbicides have growth regulating properties that result in
increased plant growth (Wu et al., 1972) . Conversely, plants 
affected by sublethal levels of root rot may be more 
vulnerable to damage by herbicides due to nonselective 
absorption or diffusion through the damaged roots (Altman,
1993). Use of herbicides is the major means of weed control 
in sugarcane fields in Louisiana, and herbicides with 
different mechanisms of action are applied in sugarcane 
fields. However, their non-target effects, such as effects on 
soil microorganisms, P. arrhenomanes, and/or Pythium root 
rot, have not been investigated.
In view of the above information, new approaches are 
needed to manage Pythium root rot of sugarcane in Louisiana. 
Therefore studies were initiated with the following research 
objectives:
1. To determine the effects of organic waste amendments on
Pythium root rot and sugarcane growth.
2. To characterize and compare disease suppressive and non­
suppressive organic wastes.
3. To determine the effects of herbicides on sugarcane, 
Pythium root rot, and Pythium arrhenomanes.
4. To examine the role of weed hosts of P. arrhenomanes in
the epidemiology of Pythium root rot of sugarcane.
CHAPTER II
EFFECTS OF AMENDING SOIL WITH ORGANIC WASTES ON PYTHIUM 




Sugarcane, interspecific-hybrids of Saccharum L., is 
vegetatively propagated, and successive annual cuttings of 
stalk are usually obtained from one planting. The ratoon or 
stubble crops develop from buds on the basal portion of 
plants left in the soil after harvest. In the tropics, up to 
20 ratoon crops may be obtained from one planting (Blackburn, 
1984). In Louisiana, however, the crop cycle is limited to 
three crops, the plant cane crop and two ratoon crops, due to 
a complex problem now known as stubble decline (Edgerton, 
1939; Edgerton et al., 1934; Rands and Dopp, 1938; Hoy and 
Schneider, 1988a).
Stubble decline, characterized by progressive reductions 
of yields in successive crops, is the major constraint to 
productivity and profitability of the sugarcane industry in 
Louisiana. Factors associated with stubble decline include: 
host genotype, low winter temperatures and freezes, poor soil 
aeration and drainage, weed competition, and physiological 
maturity and health of the cane plant affected by growing 
conditions and diseases (Carter and Camp, 1983; Edgerton et 
al., 1934; Flor, 1930a).
Pythium root rot, caused by Pythium arrhenomanes 
Drechs., plays a role in stubble decline (Edgerton, 1929; 
Edgerton et al. , 1934; Hoy and Schneider, 1988a and 1988b;
Rands and Dopp, 193 8). Control of root rot would result in 
yield increases within the current crop cycle and a possible
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extension of the cycle by one or more ratoons. This would 
lower production costs and increase profitability, enhance 
land use efficiency, and reduce soil erosion. Various methods 
for Pythium root rot management, such as development of 
cultivars with genetic resistance (Abbott et al., 1951;
Srinivasan and Narasimhan, 1963), use of fungicides (Croft et 
al. , 1984b; Hoy and Schneider, 1988b), soil solarization
(Reghenzani, 1988), improving drainage (Carter and Camp, 
1983), and soil fumigation have met with limited success. 
Therefore, alternative means of disease management are 
needed.
Earlier studies have identified microorganisms
antagonistic to P. arrhenomanes in soils collected from 
different sugarcane fields in Louisiana (Connell, 1952; 
Cooper and Chilton, 1950; Luke, 1952). Furthermore,
biological control of root rot was demonstrated in plants 
grown in sterile soil amended with antagonistic actinomycetes 
and inocula of P. arrhenomanes (Johnson, 1954) . In India, 
field resistance and susceptibility shown by two different 
sugarcane cultivars were demonstrated to be associated with 
differences in the composition of the rhizosphere
microorganism population for each cultivar in the field 
(Srinivasan, 1968) .
Soil amendment with organic wastes has been reported to 
improve soil physical, chemical, and biological properties 
(Fraser et al., 1988; Giusquiani et al., 1995; Giusquiani et
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al. , 1988; Miyashita et al. , 1982; Pagliai et al. , 1981;
Perucci, 1990; Piccolo and Mbagwu, 1990) and provide an 
inexpensive and useful waste recycling method. Negative 
effects, such as decreased yield, also have been reported, 
following application of immature compost (Iglessias-Jimenez, 
1989; Zucconi, et al. , 1981) or large amounts of compost
containing high levels of available heavy metals, salt, and 
toxic materials (Justee and Munch, 1992; Huising, 1974).
Composted organic wastes have been used with varing 
levels of success for suppression of Pythium diseases of 
several crops under different cultivation systems (Baker, 
1981; Hoitink and Fahy, 1986; Lumsden et al., 1983b; Nelson 
and Craft, 1993) . Lumsden et al. (1983a) reported that
amendment of soil with composted municipal sludge suppressed 
Pythium damping-off in cucumber one year after application. 
Soilless container media amended with composts prepared from 
tree bark suppressed a variety of soilborne diseases, 
including those caused by Pythium spp. (Hoitink, 1980; Hoitink 
and Fahy, 1986; Hoitink et al. , 1986; Nelson and Hoitink,
1983; Chen • et al. , 1988a) . Disease suppression in these
instances was attributed to biotic factors.
The evidence presented above suggests that soil 
amendment with organic wastes might suppress Pythium root rot 
in sugarcane. However, the effects of organic waste 
amendments on soilborne diseases appear to vary greatly 
depending on many factors, such as the origin and process by
which the organic wastes are composted, the nature of 
pathogen and plant, and environmental factors (Chen et al. , 
1987a; Cook and Baker, 1983 ; Ho and Ko, 1982; Hoitink and 
Fahy, 1986 ; Hoitink et al. , 1986) . Therefore, use of any 
organic waste on agricultural lands requires knowledge of the 
many effects on soil biological, chemical, and physical 
properties that affect plant growth. The present 
investigation was undertaken to study the effects of soil 
amendment with different organic wastes on Pythium root rot 
and growth of sugarcane. Organic wastes referred to in this 
study include household and municipal refuse, collected as 
municipal solid waste, yard waste, and sewage sludge, and by­
products of agricultural industries, such as cotton gin trash 
and different kinds of tree bark.
MATERIALS AND METHODS 
Four organic waste amendment experiments were conducted 
in the greenhouse. For all experiments, soil collected from 
a sugarcane field was sieved through a 1-cm mesh screen, 
mixed with sterile sand to a final soil:sand ratio of 2:1 
(v/v) , and divided into three parts. Part one was left 
unchanged and is referred to as field soil (FS) hereafter. 
Part two was steam-sterilized (steam-treated 24 h in 50 x 70 
x 8 cm metal trays) and will be referred to as steam-treated 
field soil (SFS). Part three was steam-sterilized and then 
infested with P. arrhenomanes inoculum and will be referred 
to as P. arrhenomanes-infested SFS (SFS+Pa) . The inoculum was
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prepared and added to soil as described previously (Hoy and 
Schneider, 1988b).
Organic wastes used as soil amendments included: 
composts prepared from municipal solid waste, municipal yard 
waste, cotton gin trash, and various tree barks; municipal 
sewage sludge; and sugar mill filterpress cake. Organic 
wastes were used in two different forms, nonsterile and 
steam-treated. The organic wastes were steam-treated in the 
same way as field soil. Different organic wastes were used as 
amendments in different experiments.
The sewage sludge used as a soil amendment was produced 
by the municipality of La Place, LA. It was treated by 
aeration, clarification, anerobic digestion, and partially 
air-dried on clay tile beds to contain 15-20% solids.
The municipal solid waste compost was prepared by the 
Bedminster process (Bioconversion Inc., Sevierville, TN) . 
Municipal solid waste was sorted to remove noncompostable 
materials, amended with municipal sewage sludge, and 
composted over a 3-day period with rapid turning and 
temperature control.
The municipal yard waste compost was prepared by a 
municipal yard waste composting facility at Lafayette, LA. 
Yard waste was ground, amended with fertilizer, and windrowed 
with turning until the composting process was complete.
The cotton gin trash and bark composts were prepared at 
the Louisiana Cooperative Extension composting facility in
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Baton rouge, LA. Cotton gin trash compost was prepared from 
the residue of cotton ginning, consisting of soil, leaves, 
stems, broken seeds, and boll parts. The cotton gin trash was 
windrowed and turned weekly for approximately 4 mon. The 
moisture level was maintained at approximately 40-55% by 
adding water. Temperature was recorded weekly, and the 
material was placed in piles when it reached ambient 
temperature.
Sugar mill filterpress cake is a by-product of the 
sugarcane milling process. All soil collected in water used 
to wash canes before crushing is filtered, and the sediment 
is placed in piles outside mills during the milling period 
from October to December. The material was collected and used 
in the soil amendment experiments after 3 to 6 mon of natural 
decomposition.
Cottonwood bark compost was prepared from a mixture of 
70% cottonwood (Populus deltoides) and 30% pine (Pinus spp.) 
bark obtained from the James River Mill in St. Francisville, 
LA. Fresh barks were obtained and stored in large piles for 
approximately 2 mon until processing. The cottonwood bark was 
ground using a tub grinder with 10x6 cm rectangular 
progressive screens. The pine bark was already ground when 
delivered to a particle size of 2 cm or less. Fertilizer was 
added at the rate of 225 kg of ammonium sulphate and 90 kg of 
triple super phosphate per 65 cubic meters of bark. The
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fertilizer was broadcast over the surface of the windrow and 
incorporated with a windrow turner. Moisture level was 
estimated at 40% on a total weight basis, and the during the 
composting process, water was added to maintain a 50-55% 
moisture content on a total weight basis. The windrows were 
turned weekly for about 13 wk, and the material was then 
placed in large piles to stabilize. Bark composts were used 
in expriments 1 to 2 mon later.
Mixed hardwood bark compost was prepared with a mixture 
of barks from oak (Quercus spp.), sweet gum (Liguidambar 
styraciflua) , and cottonwood obtained from the Georgia- 
Pacific Paper Mill in Port Hudson, LA. The barks were stored 
in large piles for approximately 2 mon until processing. The 
bark was ground with a tub grinder using 5x10 cm rectangular 
screens. Ammonium sulphate (185 kg) and 65 kg of triple 
super phosphate were added per 55 cubic meters of bark. 
Windrows were turned as with cottonwood bark, and the final 
product was placed in large piles for stabilization. The 
temperature was monitored in both bark composts at different 
depths, and composting was complete when the temperature 
dropped to ambient level.
In each experiment, the effects of waste amendments were 
considered separately for each of the three types of soil. 
Comparisons were made within FS to determine the effects of 
soil amendment with nonsterile or steam-treated organic 
wastes on root rot severity and plant growth in the presence
of the natural sugarcane soil microbial community. Individual 
waste treatments were compared to each of two controls: 
plants grown in unamended FS and in unamended FS with the 
fungicide metalaxyl (Ridomyl 2E, ciba, Greensboro, NC) 
applied at a rate of 0.93 kg ai/ ha"1 at the beginning of the 
experiment. Comparisons were made within SFS to determine the 
effects of nonsterile and steam-treated organic waste 
amendments on plant growth in the absence of the native soil 
microbial community. Plants grown in SFS and SFS with the 
same metalaxyl treatment served as the controls. Finally, the 
effects of amendment with nonsterile and steam-treated 
organic wastes on Pythium root rot and plant growth were 
determined in SFS+Pa when P. arrhenomanes was present without 
the rest of. the natural soil microbial community. Controls 
used for comparisons consisted of plants grown in unamended 
SFS+Pa and in SFS+Pa with the same metalaxyl treatment. Waste 
treatments were not compared to each other within or across 
soil types. However, the effects of root rot and metalaxyl 
treatment were determined by comparing plant growth 
parameters and root rot severity in the control treatments 
across the three soil types, FS, SFS, and SFS+Pa.
Sugarcane plants were raised from single-bud-cuttings 
of cultivar CP 70-321, and 3-week-old plants were 
transplanted into 15-cm-diameter clay pots filled with FS, 
SFS, or SFS+Pa. Plants were watered daily to keep soil 
moisture levels near field capacity, and they were fertilized
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at the rate of 170 kg of N, 170 kg of P, and 170 kg of K/ha 
with a water soluble fertilizer mixture (N:P :K/20:20:20).
The first experiment (Exp. 1) was conducted during
Spring, 1993 (date of planting: 2 Apr) using a Commerce silt 
loam soil collected from the St. Gabriel Experiment Station 
(located in Iberville Parish) of the Louisiana Agricultural 
Experiment Station. In Exp. 1, FS, SFS, and SFS+Pa were each 
amended with nonsterile or steam-treated composts derived 
from municipal solid waste and municipal yard waste (20% v/v) 
and with nonsterile and steam-treated sewage sludge and sugar 
mill filterpress cake (10% v/v).
The second experiment (Exp. 2) was conducted during
Fall, 1993 (date of planting:15 Oct) using a Commerce clay 
loam soil from a sugarcane field in West Baton Rouge Parish. 
FS, SFS, and SFS+Pa were each amended with nonsterile and 
steam-treated composts (20% v/v) derived from cotton gin 
trash, municipal yard waste, and municipal solid waste and 
with nonsterile and steam-treated sewage sludge (10% v/v).
The third experiment (Exp. 3) was conducted during late 
Winter and Spring, 1994 (date of planting: 7 Feb) using a
clay loam soil from the same location as in Exp. 2. FS, SFS, 
and SFS+Pa were each amended with nonsterile and steam-
treated composts (20% v/v) derived from cotton gin trash,
cottonwood bark, and a hardwood bark mixture and with 
nonsterile and steam-treated sugar mill filterpress cake (10% 
v/v) .
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A fourth experiment (Exp. 4) was conducted during 
Spring, 1995 (date of planting: 15 Mar) using a silt loam 
soil from the St. Gabriel Branch Experiment Station. FS, SFS, 
and SFS+Pa were amended with nonsterile and steam-treated 
composts (20% v/v) derived from cotton gin trash, cottonwood 
bark, and mixed hardwood bark and with nonsterile and steam- 
treated sugar mill filterpress cake (10% v/v).
The effects of amendments on plant growth and root rot 
severity were evaluated after 8 wk. All plants were removed 
from pots, and the root system of each was gently washed free 
of soil. Assessments were then taken, including total shoot 
number per plant (SN), total shoot dry weight (SDW), and root 
system fresh weight (RFW). In addition, the root system of 
each plant was evaluated by subjective visual rating for the 
amount of reduction in the lateral root system and the degree 
of root system discoloration caused by root rot compared to 
control plants grown in steam-treated field soil. Ratings 
were made on a scale of 1-4 in which, l=normal appearance: no 
discoloration or reduction of lateral root system, 1.5=very 
mild disease: up to 10% discoloration or reduction in lateral 
roots, 2= mild disease: up to 25% of root system discolored 
or reduction in lateral roots, 2.5=moderate disease: >25% to 
50% of root system with root rot symptoms or lateral root 
system reduction, 3= severe disease: >50% to 75% of root
system discolored or reduction in lateral roots, 3.5= very 
severe disease: >75% to 90% of root system discolored or
reduction in lateral roots, and 4=completely diseased: >90% 
of the root system discolored or with no lateral roots due to 
root rot. Percent root length colonized by Pythium was 
determined by plating six randomly-selected, 5-cm lengths of 
root per plant (150 cm of root per treatment) . Three root 
pieces were placed in a 9-cm-diameter petri dish, and PVPS 
modified Pythium-selective medium (Mircetich and Matheron, 
1976) (10 g each of corn meal agar and agar, autoclaved in
1 L of distilled water, amended after cooling to 45 C, with 
300 mg vancomycin dissolved in 10 ml sterile water, 15 mg of 
pentachloronitrobenzene dissolved in 3 ml of 95% EtOH, 0 .4 ml 
of pimaricin (10 mg ai) , and 300 mg of spectinomycin 
dissolved in 10 ml of sterile water) was poured over the 
roots until they were immersed. Plates were then incubated at 
room temperature.
The length of root segments from which Pythium mycelium 
was growing into the agar was measured between 24-32 h after 
plating. A subset of six Pythium isolates from each plate was 
then transferred to V8 media plates ( 200 ml V8 vegetable 
juice cocktail, 800 ml distilled water, 15 g agar, 1 g CaC03, 
pH 4.8, autoclaved, and amended after cooling to 45 C with 
300 mg penicillin per L). After a 24-48 h period of growth, 
six to eight agar plugs of 3-mm-diameter containing actively- 
growing mycelium were transferred into a 5.5-cm-diameter 
petri dish and flooded with 5 ml of filter-sterilized soil 
extract. After 2-3 days at room temperature, identification
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of P. arrhenomanes isolates was done by microscopic 
examination of reproductive structures (Van der Plaats- 
Niterink, 1981).
A completely randomized design with five replications 
was used in all experiments. Ratings data were converted to 
the percentage midpoint for the appropriate interval and then 
arcsin transformed before statistical analysis. Data on 
percent root length colonized by Pythium were arcsin 
transformed before analysis. Data for treatments within FS, 
SFS, or SFS+Pa were subjected to analysis of variance for 
individual and combined experiments. Data for the unamended 
FS, SFS, and SFS+Pa and unamended FS, SFS, and SFS+Pa with 
metalaxyl treatment were subjected to analysis of variance 
for combined experiments. Differences of treatment means from 
respective control treatments within soil types were 
determined using Dunnett's Least Significant Difference test 
at the 5% level of probability.
RESULTS
Effects of root rot and metalaxyl treatment on plant 
growth. For all experiments combined, plants grown in 
unamended field soils had reduced RFW, SDW, and SN (Table 1) 
in association with reduced lateral roots and increased root 
system discoloration (Table 2), compared to plants grown in 
steam-treated field soils. Plants grown in SFS infested with 
P. arrhenomanes exhibited further reductions in growth and 
increases in disease severity (Tables 1 and 2). Metalaxyl
TABLE 1. Comparison of sugarcane (CP 70-321) growth in field soil (FS), steam-
treated field soil (SFS), and Pythium arrhenomanes-infested SFS (SFS+Pa), with and
without metalaxyl treatment, based on a combined analysis of four experiments____
Plant arowth parameter3
Root fresh wt. (a) Shoot drv wt.(a) Shoot number
Treatment FS SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
None 14 . 9b 26.3a 10 .4c 8.5b 13.9a 5.4c 2.8b 5.0a 2.1c
Metalaxyl 19.2b 22 . 6a 23 .4a 12.0b 13.6a 13.9a 4.0a 4 . 4a 4.6a
a Each value is a mean of 20 replicates from four experiments. Values followed by 
the same letter among FS, SFS, and SFS+Pa within a treatment and growth parame­
ter did not differ from each other (P>0.05) according to Fisher's Protected 
LSD.
TABLE 2. Comparison of sugarcane root rot severity for plants grown in field 
soil (FS) , steam-treated field soil (SFS), and Pythium arrhenomanes- infested SFS 
(SFS+Pa), with and without metalaxyl treatment, based on a combined analysis of
four experiments_____________________________________________________________________
_________________ Disease variable3____________________________
Reduction of Root system Root length
lateral roots (%) ■discoloration (%) colonized by Pa (%) 
Treatment______________ FS____ SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
None 36b 0c 55a 36b 0c 52a 26b 0c 71a
Metalaxyl 17a 4b 5b 18a Ob 3b 9a Ob 4b
a Each value is a mean of 20 replicates from four experiments. Values followed by 
the same letter among FS, SFS, and SFS+Pa within a treatment and disease 
variable did not differ from each other (P> 0.05) according to Fisher's Prote­
cted LSD.
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treatment increased RFW, SDW, and SN of plants grown in 
SFS+Pa to levels equivalent with plants in SFS (Table 1), and 
Pythium infection and disease symptoms were alleviated (Table
2). Shoot number was similar but RFW and SDW were lower for 
metalaxyl-treated plants in FS compared to SFS (Table 1), and 
Pythium infection and disease symptoms were evident for 
treated plants in FS (Table 2) . Comparing the effects of 
metalaxyl treatment within FS and SFS+Pa, metalaxyl increased 
all plant growth parameters (Table 3) and reduced disease 
severity and Pythium colonization (Table 4) in both soil 
types.
Effects of organic waste amendments on plant growth and 
root rot severity. Different organic wastes had varied 
effects on plant growth parameters and root rot severity in 
FS, SFS, and SFS+Pa. The effects of amendment with each waste 
will be considered individually. The results of a combined 
analysis for all experiments are presented. Organic waste by 
experiment interactions were significant for all growth 
parameters and disease variables. Therefore, results of 
individual experiments also are presented.
Municipal sewage sludge. Sewage sludge was included as 
a treatment in Exps. 1 and 2. The combined analysis indicated 
that amendment of FS with nonsterile sewage sludge increased 
SN but not RFW and SDW (Table 3) and reduced disease severity 
(Table 4) in comparison to plants grown in unamended field 
soil. In P. arrhenomanes-infested SFS, amendment with
TABLE 3. Effects of organic waste soil amendment on sugarcane (CP 70-321) growth 
in field soil (FS), steam-treated field soil (SFS), and Pythium arrhenomanes- 
infested SFS (SFS+Pa) determined from combined experiments________________________
Plant growth parameter1
Root fresh wt . (q ) Shoot drv wt . (a) Shoot number
Amendment3 FS SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
No amendment 114 . -9 26.3 tl0.4 t 8.5 13 . 9 -t 5 .4 t2 . 8 5.0 12 .1
No amendment + 
metalaxyl
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Municipal yard N 17.2 21.1 t 7.3 t 8.8 11.5 t3.7 3.6 5.1 t2.2
waste compost S tlO.5 18.2* t 5.7* t 6.1* tl0.2* t3.0* 3.2 4.8 tl.l*
a Each organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
b Each value represents a mean across experiments. Values followed by * within 
FS, SFS, or SFS+Pa and within each growth parameter were different (P>0.05) 
from the corresponding no-amendment control mean. Values preceded by f within 
FS, SFS, and SFS+Pa and each growth parameter were different (P>0.05) from the 
corresponding metalaxyl treatment mean.
TABLE 4. Effects of organic waste soil amendment on Pythium root rot of sugarcane
(CP 70-321) in field soil (FS), steam-treated field soil (SFS), and Pythium
arrhenomanes-infested SFS (SFS+Pa) determined from combined experiments___________
______________________ Disease variableb________________________
Reduction of Root system Root length
lateral roots (%) discoloration (% colonized by Pa (%)
Amendment3 •_____ ;______ FS SFS SFS+Pa_____ FS • SFS • SFS+Pa FS SFS SFS+Pa
No amendment t36 0 155 136 0 152 126 0 171
No amendment + 
metalaxyl
17* 0 5* 19* 0 3* 9* 0 4*
Cottonwood bark N 20* 0 t41* 23* 0 145* 122 0 173
compost S 16* 0 152 * 20* 0 + 53 127 0 172
Sugar mill N 20* 3 t38* 131 0 t40* 122 0 t56*
filterpress cake S 134 0 155 t38 0 153 t26 0 163
Cotton gin trash N 10* 0 121* 18* 0 119* t20 0 166
compost S 124* 0 t43* 13 7 0 143 * t29 0 163
Mixed hardwood N 22* 0 t45* 22* 0 151 117* 0 169
bark compost S t26* 0 151 24* 0 t49 123 0 174
Sewage sludge N 14* 0 123 * t 9* 0 t26* 12 0 0 t41*
S t29 0 156 T37 0 157 15* 0 t58*
Municipal solid N 13 0 14* 159 134 0 157 119 0 154*
waste compost S t33 9* 158 14 0 0 166* 123 0 151*
Table 4 continued
Municipal yard N t28 14* t55 23 0 t47 12* 0 t50*
waste compost S t40 7* t40* t32 0 t63* t22 0 t56*
a Each organic waste was added in N= nonsterile and S= steam-treated form. 
Controls used for treatment comparisons were no-amendment and no-amendment 
with metalaxyl application. 
b Each value represents a combined mean across experiments. Values followed 
by * within FS, SFS, and SFS+Pa and within each disease variable were 
different (P>0.05) from the corresponding no-amendment control mean. Values 
preceded by f within FS, SFS, and SFS+Pa and within each variable were 
different (P>0.05) from the corresponding metalaxyl treatment mean.
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nonsterile sewage sludge increased SDW and SN (Table 3) in 
association with increased lateral root development and 
reduced discoloration and colonization by Pythium (Table 4). 
Nonsterile sewage sludge had no effect on plant growth in SFS 
(Table 3). Amendment with steam-treated sewage sludge had no 
effects on plant growth or disease severity (Tables 3 and 4) , 
except that SDW was lower in amended FS and SN was higher in 
amended SFS.
Comparing amendment with nonsterile sewage sludge to the 
metalaxyl treatment, plant growth parameters and lateral root 
development were similar in FS (Tables 3 and 4). Root system 
discoloration was less for plants in sewage sludge-amended 
soil, but Pythium colonization was greater (Table 4). Plant 
growth (SDW and SN) with nonsterile sludge amendment was less 
and disease, severity increased compared to the metalaxyl 
treatment (Tables 3 and 4) . When steam-treated sewage sludge 
was used as the amendment, the means for plant growth 
parameters were lower and disease was more severe compared to 
the metalaxyl treatment in FS and SFS+Pa (Tables 3 and 4). 
Sewage sludge amendment in any form was similar to metalaxyl 
treatment in SFS, except steam-treated sewage sludge 
increased SN.
Considering individual experiments, the results of Exp. 
1 were similar to the combined analysis for nonsterile and 
steam-treated sludge (Tables 5 and 6), except steam-treated 
sludge increased SN in FS instead of nonsterile sludge.
TABLE 5. Effects of organic waste soil amendment on sugarcane (CP 70-321) growth 
in field soil (FS), steam-treated field soil (SFS), and Pythium arrhenomanes-
infested SFS (SFS+Pa) in Exp. 1_____________________________________________________
___________________ Plant growth parameter13____________________
Root fresh wt. (q) Shoot dry wt.(q) Shoot number
Amendment3_____________FS_____ SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
No amendment 20 . 0
No amendment + 
metalaxyl
24 .2
Sewage sludge N 118 . 6
S 112 .4
Municipal solid N 117 . 9
waste compost S 115 . 5
Municipal yard N t20 . 0
waste compost S 115 .5
Sugar mill N 25 . 9
filterpress cake S 115 .3
27.5 t12.3 t 8.0 15.5
30.5 25.3* 11.8* 15.8
30 . 1 t15 . 9 f 8.. 0 18 .. 1 t
32 . 6 t 9 .6 t 4.. 7* 15 . 7 t
113..4* t 7 .4* t 6..7 t 5.. 5* t
120 .4* t 7 .0* t 7.. 1 t 7.. 8*t
34 . 0 t11..4 9..3 15 . 8 t
32 . 0 t 8 . 5 t 7.. 5 15 . 5 t
28 . 0 t17 ,.7* 12 .7* 14 ,. 5 t
24 ,. 8 t10 ,. 8 t 7..8 15 ,.8 t
4 . 6 5.2 5 . 8 t2 .4



























5 . 0 
t2 .2*




3 Each organic waste was added in N= nonsterile and S= steam-treated form. 
Controls used for treatment comparisons were no-amendment and no-amendment 
with metalaxyl application. 
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each growth parameter were different (P>0.05) from the no­
amendment treatment mean. Means preceded by -f within FS, SFS, and SFS+Pa and 
growth parameters were different (P>0.05)from the corresponding metalaxyl 
treatment mean.
TABLE 6. Effects of organic waste soil amendment on Pythium root rot of sugarcane
(CP 70-321) in field soil (FS), steam-treated field soil (SFS), and Pythium








colonized bv Pa (%)
FS SFS SFS+Pa FS SFS SFS+Pa ■ FS SFS SFS+Pa
No amendment 144 0 152 t49 0 152 124 0 160
No amendment + 23* 0 8* 23* 0 5* 9* 0 5*
metalaxyl
Sewage sludge N 25* 3 133 * 18* 0 12 7* 12 7 0 t43*
S 36 0 160 159 0 163 9 0 t49
Municipal solid N 33 18 t65* 143 0 165* 14* 0 152
waste compost S t38 0 177* 152 0 177* t26 0 144
Municipal yard N t42 116* t43* 34* 0 t42* t38 0 142 *
waste compost S t46 0 178* 155 0 178 125 0 148
Sugar mill N t37 18 152 t45 0 t65* 125 0 t39*
filtemress cake S 152 0 t60 152 0 152 121 0 t47
a Each organic waste was added in N=nonsterile and S=steam-treated form.
Controls used for treatment comparisons were no-amendment, and no-amendment 
with metalaxyl application. 
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each variable were different (P>0.05) from the no-amendment 
treatment mean. Means preceded by + within FS, SFS, and SFS+Pa and variable 
were different (P> 0.05) from the corresponding metalaxyl treatment mean.
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However, in Exp. 2, nonsterile sludge amendment in FS and 
SFS+Pa increased all plant growth parameters (Table 7) and 
reduced root rot severity and Pythium colonization (Table 8) 
compared to plants grown in nonamended FS. As in Exp. 1, 
amendment of SFS with nonsterile sewage sludge did not affect 
plant growth. In Exp. 2, steam-treated sludge amendment did 
not increase growth of plants in FS (Table 7), but lateral 
root rot and Pythium colonization were reduced (Table 8) . 
Decreases in plant RFW and SDW resulted in SFS+Pa amended 
with steam-treated sludge.
In Exp. 1, growth parameters were lower for plants grown 
in FS and SFS+Pa amended with nonsterile and steam-treated 
sludge compared to the metalaxyl treatment, except for SN in 
the nonsterile sludge treatment (Table 5) . Metalaxyl was more 
effective in reducing Pythium colonization and root rot 
severity in SFS+Pa, but sludge amendment provided comparable 
reductions in disease symptom severity in FS (Table 6). In 
Exp. 2, metalaxyl was phytotoxic in SFS (Table 7) . Growth 
increases resulting from metalaxyl treatment and nonsterile 
sludge amendment were generally similar. Disease control was 
still superior with the metalaxyl treatment in SFS+Pa (Table 
8) .
Municipal solid waste compost. Solid waste compost was 
included as a treatment in Exps. 1 and 2. The combined
analysis indicated that amendment of FS and SFS+Pa with 
nonsterile solid waste compost had no effect on RFW, SDW,
TABLE 7. Effects of organic waste soil amendment on sugarcane (CP 70-321) growth
in field soil (FS), steam-treated field soil (SFS), and Pythium arrhenomanes-
infested SFS (SFS+Pa) in Exp. 2_____________________________________________________
Plant arowth parameter*3
Root fresh wt. (a) Shoot drv wt. (a) Shoot number
Amendment3 FS SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
No amendment t 9.7 t15.2 t 5.8 16 . 0 110.2 15 . 0 11. 8 t5 .4 11. 6
No amendment + 
metalaxyl
16.1* 7.4* 10.7* 9.3* 6 .6* 8 .8* 4 . 6* 3 . 5* 4.2*
Sewage sludge N 13 .4* tl3.9 11.2* 8 .5* til.2 8 . 9* 4 . 6* 4.8 12 . 6*
S tl0.3 t16.2 t 2.9* 17. 0 tlO . 3 t2 . 2* 12 .4 4.2* 11.4
Municipal solid N t 8.4 5 . 3* t 5.7 17.1 6 . 6* 15 . 3 11.4 tl. 6* tl.O
waste compost S t 5.8* 8 . 0* t 4.9 15 .1 6.4* t3 .9 tl.O 11. 4 * tl.O
Municipal yard N 14.7* 110.8*t 4.1 8.2* 8 . 1* t3 .4* t2 .4 4.4* 11. 6
waste compost S t 6.2* 7 . 3* t 3.3* 14 . 8 6 . 0* 12 . 8* 11.4 3 . 0* 11.2
Cotton gin N tl9.6* til.2* 9.3* 10 . 0* 8.8 8 .0* 5.4* 3.4* t2 . 8*
trash compost R tl0.3 t17.4 t 3.9* t 6.5 tlO . 5 13 . 6 t2 .4 4 . 0 tl.O
a Each organic waste was added in N=nonsterile and S=steam-treated form.
Controls used for treatment comparisons were no-amendment and no-amendment with 
metalaxyl application. 
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each growth parameter were different (P>0.05) from the 
no-amendment treatment mean. Means preceded by -f within FS, SFS, and SFS+Pa 
and growth parameter were different (P>0.05)from the corresponding metalaxyl 
treatment mean.
TABLE 8. Effects of organic waste soil amendment on Pythium root rot of sugarcane
(CP 70-321) in field soil (FS), steam-treated field soil (SFS), and Pythium









FS SFS SFS+Pa FS SFS SFS+Pa • FS SFS •SFS+Pa
No amendment 113 0 t38 113 0 125 128 0 t69
No amendment + 0* 15* 0* 0* 0 0* 6* 0 4*
metalaxyl
Sewage sludge N 0* 0 113 * 0 0 t25 12* 0 t37*
S 125* 0 152 t20 0 152 119* 0 166
Municipal solid N 128* 128* 152* 125* 0 152* t23 0 157*
waste compost S t28* 18* 138 128* 0 155* 121 0 157*
Municipal yard N 118 13* 165* 113 0 152* t20 0 t56*
waste compost S t36* 13* 165* 113 0 152* 121 0 162
Cotton gin N 0* 0 3* 5* 0 3* 13* 0 t47*
trash compost S 141* 0 t38 t38 ★ 0 133 t33 0 157
a Each organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each variable were different (P>.05) from the no-amendment 
treatment mean. Means preceded by f within FS, SFS, and SFS+Pa and variable 
were different (P>0.05) from the corresponding metalaxyl treatment mean.
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amount of lateral roots, or root system discoloration (Tables 
3 and 4). Shoot number and root colonization by P. 
arrhenomanes were reduced in FS and SFS+Pa, respectively. 
Amendment with steam-treated solid waste compost reduced SDW 
and SN in FS, and RFW and SN in SFS+Pa (Table 3) . Disease 
severity was not reduced, but Pythium colonization was lower 
in SFS+Pa (Table 4) . Amendment of SFS with nonsterile or 
steam-treated solid waste compost was detrimental to plant 
growth, as it reduced RFW, SDW, and SN (Table 3) and lateral 
root development (Table 4) . Plant growth in all amended 
treatments was reduced compared to the metalaxyl treatment 
(Table 3), and disease severity was increased (Table 4).
In Exps. 1 and 2, amendment with solid waste compost in 
both forms had detrimental effects on plant growth and 
disease severity (Tables 5, 6, 7, and 8); however, the
effects on growth parameters and disease severity were 
variable. Amendment with nonsterile compost resulted in 
reductions in plant growth in SFS+Pa in Exp. 1 (Table 5) and 
more severe disease symptoms in FS in Exp. 2 (Table 8) . 
Steam-treated compost was less frequently detrimental to 
plant growth in Exp. 2.
Municipal yard waste compost. Yard waste was included as 
a treatment in Exps. 1 and 2. The combined analysis indicated 
nonsterile yard waste amendment in FS, SFS, and SFS+Pa had no 
effect on any of the plant growth parameters studied (Table
3), but it reduced the amount of lateral roots in SFS and
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root colonization by P. arrhenomanes in FS and SFS+Pa (Table
4). Amendment with steam-treated yard waste compost reduced 
SDW in FS; RFW and SDW in SFS; and RFW, SDW, and SN in SFS+Pa 
(Table 3). In SFS+Pa lateral root rot severity and Pythium 
colonization were reduced , but root system discoloration was 
increased (Table 4).
Nonsterile yard waste amendment in FS had comparable 
effects to the metalaxyl treatment on RFW, SN, root 
discoloration, and Pythium colonization, but SDW and lateral 
root development were lower for plants in amended soil 
(Tables 3 and 4). Compared to the metalaxyl treatment, 
nonsterile yard waste amendment in SFS+Pa resulted in lower 
RFW, SDW, and SN (Table 3) and greater root rot severity 
(Table 4). Steam-treated yard waste amendment in FS and in 
SFS+Pa resulted in reduced plant growth (Table 3), except for 
SN in FS. Root rot severity was increased compared to the 
metalaxyl treatment (Table 4).
Individual analyses of Exps. 1 and 2 indicated the 
effects of yard waste amendment on plant growth (Tables 5 and 
7) and root rot severity (Tables 6 and 8) were variable. 
Amendment with nonsterile or steam-treated yard waste had no 
effect on plant growth in FS, SFS, or SFS+Pa in Exp. 1 (Table
5). In Exp. 2, nonsterile yard waste had beneficial effects 
on RFW and SDW in FS, but decreased growth in SFS (Table 7), 
and steam-treated compost had no effect or reduced growth in 
all three soil types.
Cotton gin trash compost. Amendment with cotton gin 
trash compost was studied in Exps. 2, 3, and 4. Analysis
across all experiments indicated nonsterile gin trash compost 
amendment in FS and SFS+Pa increased all growth parameters 
except RFW in SFS+Pa (Table 3), and reduced root rot severity 
(Table 4) compared to the no amendment treatment. However, 
Pythium colonization was not reduced. Amendment of SFS with 
nonsterile or steam-treated gin trash compost did not affect 
RFW, SDW, or lateral root development, but SN was lower 
(Tables 3 and 4) . Shoot number also was lower when FS was 
amended with steam-treated compost (Table 3).
The combined analysis showed that nonsterile gin trash 
compost amendment in FS resulted in greater increases in RFW 
and SN than the metalaxyl treatment (Table 3), but Pythium 
colonization was not reduced (Table 4). Metalaxyl treatment 
provided superior disease control in SFS+Pa (Tables 3 and 4) .
In Exp. 2, nonsterile gin trash compost increased plant 
growth parameters (Table 7) and Pythium colonization was 
reduced in amended FS and SFS+Pa (Table 8). In Exp. 3, steam- 
treated gin trash compost increased RFW as well as SN in FS 
compared to the no-amendment treatment (Table 9), and root 
system discoloration was not reduced by amendment with 
nonsterile compost (Table 10) . In Exp. 4, amendment with 
nonsterile gin trash compost had no effect on plant growth in 
SFS+Pa (Table 11) , and steam-treated compost reduced root 
discoloration in FS (Table 12).
TABLE 9. Effects of organic waste soil amendment on sugarcane (CP 70-321) growth
in field soil (FS), steam-treated field soil (SFS), and Pythium arrhenomanes-
infested SFS (SFS+Pa) in Exp. 3_____________________________________________________
Plant arowth parameter13
Root fresh wt. (a) Shoot drv wt.(a) Shoot number
Amendment3 FS SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
No amendment til.5 15.9 t 8.7 t 9.3 9.9 t 4.3 11.2 3 . 8 tl.O
No amendment + 15.7* 16 .5 20.5* 11.5* 10.3 11.5* 2 . 8* 2 . 8 4.4*
metalaxyl
Cotton gin N t22.3* 17.1 112 . 0 12 . 9* 10.7 t 6.7* t6 .0* t4 .0 12 . 8*
trash compost S 122.1* 14 . 5 112 . 0 11.0 8.5 t 5.9 16 . 0* 2 . 8 11. 6
Sugar mill N t20 .4* t23 .4* t14.7* 11.2 12 . 5 t 7.0* 14 . 8* t4 .6 3 . 6*
filterpress cake S t25.2* 16 .3 t 8.2 13 .2* 9.2 t 5.1 t4 .4* 3.2 11 - 8
Cottonwood N 120.5* 123.9* t15.5* 10 . 8 11.5 t 5.6 2.2 t4 . 8 11. 8
bark compost S 122.7* 125.9* 112 .4 11.8* t13.9* t 5.4 3 .4* 15.6* 11.8
Mixed hardwood N t19.7* t28.7* tlO . 9 10.3 t15.0* t 4.5 4 .0* 4 . 0 11.4
bark compost S t23.1* t23.6* t 6.9 11.4* t14.1* t 3.7 3 .6* 14 . 8 tl.O
a Each organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each growth parameter were different (P>0.05) from the 
no-amendment treatment mean. Means preceded by -f within FS, SFS, and SFS+Pa 
and growth parameter were different (P>0.05) from the corresponding metalaxyl 
treatment mean.
TABLE 10. Effects of organic waste soil amendment on Pythium root rot of sugarcane
(CP 70-321) in field soil (FS), steam-treated field soil (SFS), and Pythium








colonized bv Pa (%)
FS SFS SFS+Pa FS • SFS SFS+Pa FS SFS SFS+Pa
No amendment 125 0 152 125 0 152 119 0 t78
No amendment + 13* 0 3* 13* 0 3* 4* 0 5*
metalaxyl
Cotton gin N t 0* 0 t25* 125 0 t25* t25 0 174
trash compost S t 0* 0 t38* 125 0 t38* t25 0 158
Sugar mill N t 0* 0 t23* 125 0 125* 127* 0 161
filterpress cake S t 0* 0 152 138 0 152 t26* 0 165
Cottonwood N t 3* 0 t25* 13* 0 138* 121 0 166
bark compost S t 0* 0 t38* 13* 0 t46 t24 0 156*
Mixed hardwood N 13* 0 152 13* 0 152 119 0 t60
bark compost S 13* 0 152.. 13* 0 152 125 0 179
aEach organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
bValues are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each variable were different (P>0.05) from the no-amendment 
treatment mean. Means preceded by f within FS, SFS, and SFS+Pa and variable 
were different (P>0.05) from the corresponding metalaxyl treatment mean.
TABLE 11. Effects of organic waste soil amendment on sugarcane (CP 70-321) growth
in field soil (FS), steam-treated field soil (SFS), and Pythium arrhenomanes-
infested SFS (SFS+Pa) in Exp. 4______________________________________________________
Amendment3
Plant. arowth parameter means'3
Root fresh wt. (a) Shoot drv wt . (cr) Shoot number
FS SFS SFS+Pa FS SFS SFS+Pa FS SFS SFS+Pa
No amendment 18 .4 t46 .6 114 .8 10 .7 20.1 t 7.5 2.8 5 . 0 3.4
No amendment + 20 . 5 35.7* 37.1* 13 . 8 21.3 18 .2* 3.6 5 . 0 4 . 0
metalaxyl
Cotton gin trash N t29.0* 44 . 6 118 . 9 16 . 6* 18 .4 t 8 . 8 3.6 4.4 3 . 6
compost S 22 . 3 35 .6* t 9.4 11.6 117 . 6 t 4 . 6 3.4 4.4 t2 .4*
Sugar mill N 27.3* 35.5* 123.8* 14 . 0* 117 .5 t 9 . 7 4 . 0* 3 .6* 12 . 8
filterpress cake S 23 . 6 42 . 6 114 .5 12 .3 17 . 7 t 7.7 3.7 5 . 0 3 . 6
Cottonwood bark N t33.7* 41.3 120 . 6 15.7* 117 . 6 t 7.1 4.4* t3 . 8* 3.2
compost S t29.2* 39 .1 119. 0 13 . 5 18 . 6 t 7.8 3.4 4.2 12 . 6
Mixed hardwood N 18 .4 39.2 tl6 .2 11.5 115.7* t 7.9 3.4 4.0 tl. 8*
bark comDost S 27.5* 40 . 0 12 0 . 4 14 . 7* 19 . 7 t 8 . 6 3.6 4 . 8 13 . 0
a Each organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each growth parameter were different (P>0.05) from the 
no-amendment treatment mean. Means preceded by -f within FS, SFS, and SFS+Pa 
and growth parameter were different (P>0.05) from the corresponding metalaxyl 
treatment mean.
TABLE 12. Effects of organic waste soil amendment on Pythium root rot of sugarcane
(CP 70-321) in field soil (FS), steam-treated field soil (SFS), and Pythium
arrhenomanes-infested SFS (SFS+Pa) in Exp. 4_________________________________________
_________________ Disease variableb___________________________
Reduction of Root system Root length
lateral roots (%) discoloration (%) colonized bv Pa (%) 
Amendment3 ________ FS SFS SFS+Pa FS SFS- SFS+Pa FS SFS • SFS+Pa
No amendment 162 0 177 157 0 t 77 t29 0 178
No amendment + 
metalaxyl
33* 0 10* 38* 0 3* 10* 0 6
Cotton gin trash N 27* 0 t38* 125* 0 13 0 * 124 0 177
compost S 30* 0 t52* t46* 0 157* t29 0 172
Sugar mill N 25* 0 t38* 125* 0 t30* 16* 0 168
filterpress cake S t49* 0 t54* 38* 0 t54* 131 0 178
Cottonwood bark N 38* 0 157* 32* 0 152 * 123 0 179
compost S 38* 0 165* 40* 0 159* t30 0 183
Mixed hardwood N 30* 0 t38* 30* 0 t49* 15* 0 176
bark compost S 38* 0 t49* 35* 0 t46* t 21 0 t69
3 Each organic waste was added in N=nonsterile and S=steam-treated form. Controls 
used for treatment comparisons were no-amendment and no-amendment with metalaxyl 
application.
b Values are means for five replicates. Means followed by * within FS, SFS, and 
SFS+Pa and within each variable were different (P>0.05) from the no-amendment 
treatment mean. Means preceded by within FS, SFS, and SFS+Pa and variable 
were different (P>0.05) from the corresponding metalaxyl treatment mean.
Sugar mill filterpress cake. Amendment with sugar mill 
filterpress cake was studied in Exps. 1, 3, and 4. The
combined analysis indicated that nonsterile filterpress cake 
enhanced plant growth (Table 3) and reduced lateral root rot 
(Table 4) in amended FS and SFS+Pa. In addition, root system 
discoloration and Pythium colonization were reduced in 
amended SFS+Pa (Table 4). Nonsterile or steam-treated 
filterpress cake amendment in SFS did not affect plant growth 
(Table 3). Steam-treated filterpress cake increased RFW and 
SDW in amended FS; however, root rot severity was not 
affected. Steam-treated filterpress cake amendment in SFS+Pa 
did not affect plant growth or root rot severity compared to 
the nonamended SFS+Pa treatment.
Nonsterile filterpress cake amendment in FS was 
comparable or better than metalaxyl treatment in effects on 
plant growth (Table 3) ; however, root discoloration and 
Pythium colonization were not alleviated (Table 4) . In 
contrast, the plant growth increases and disease variable 
reductions provided by nonsterile filterpress cake amendment 
in SFS+Pa were not as great as those resulting from the 
metalaxyl treatment (Table 3 and 4) . Effects of metalaxyl 
treatment and amendment of nonsterile and steam-treated 
filterpress. cake in SFS on plant growth and root rot were 
generally comparable (Tables 3 and 4). Steam-treated 
filterpress cake amendment did not increase plant growth in 
SFS+Pa compared to the metalaxyl treatment.
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Individual analyses of Exps. 1, 3, and 4 revealed
variable effects of nonsterile and steam-treated filterpress 
cake amendment on plant growth and root rot severity. In Exp. 
1, nonsterile filterpress cake did not increase RFW, SN, and 
lateral root development in amended FS (Tables 5 and 6) . Exp. 
3 was the only experiment in which steam-treated filterpress 
cake had beneficial effects on plant growth and disease 
variables (Tables 9 and 10) . In Exp. 4, amendment with 
filterpress cake did not increase SDW and SN in SFS+Pa, and 
steam-treated filterpress cake reduced disease symptom 
severity in SFS+Pa and FS (Tables 11 and 12).
Cottonwood bark compost. Cottonwood bark compost was 
included in Exps. 3 and 4. The combined analysis indicated 
that the results with nonsterile and steam-treated cottonwood 
compost amendments were nearly the same. In FS, RFW and SDW 
were increased, severity of disease symptoms was reduced, and 
Pythium colonization was unchanged compared to the no­
amendment treatment (Tables 3 and 4). Nonsterile or steam- 
treated cottonwood bark compost amendment in SFS+Pa increased 
RFW (Table 3), and nonsterile compost reduced lateral root 
rot and root system discoloration (Table 4). Steam-treated 
compost increased lateral root development. Nonsterile or 
steam-treated cottonwood bark compost amendment in SFS had no 
effect on plant growth (Table 3).
Amendment of FS with nonsterile and steam-treated 
cottonwood bark compost provided a larger increase in RFW
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than that obtained in the metalaxyl treatment (Table 3) . 
Reductions in disease symptom severity in FS were comparable 
between amendment with nonsterile and steam-treated compost 
and metalaxyl application, but Pythium colonization was only 
reduced in the metalaxyl treatment (Table 4) . In SFS+Pa, 
metalaxyl treatment provided a greater increase in RFW than 
nonsterile or steam-treated compost and provided increases in 
SDW and SN as well (Table 3) . In addition, reductions in 
disease variables resulting from compost amendments were not 
as great as those obtained with the metalaxyl treatment in 
SFS+Pa (Table 4).
The individual analyses for Exps. 3 and 4 reveal some 
variability in the effects of cottonwood bark compost on 
plant growth and disease severity. In Exp. 3, plant growth 
was affected by compost amendment in SFS. All growth 
parameters were increased by steam-treated compost, and RFW 
was increased by amendment with nonsterile compost (Table 9) . 
Steam-treated compost also increased SN and lateral root 
development in addition to increasing RFW and SDW. In Exp. 4, 
amendment with nonsterile cottonwood bark compost increased 
SN in FS (Table 11).
Mixed hardwood bark compost. Mixed hardwood bark compost 
was included in Exps. 3 and 4. The combined analysis 
indicated that steam-treated compost amendment in FS 
increased RFW and SDW (Table 3) and reduced the severity of 
disease symptoms (Table 4) . In comparison, nonsterile compost
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amendment in FS increased only SDW (Table 3) , but it 
decreased the severity of all three disease variables (Table
4). Mixed hardwood bark compost amendments in SFS+Pa did not 
affect plant growth or root rot severity (Tables 3 and 4), 
except that amendment with nonsterile compost increased 
lateral root development.
Individual experiment analyses revealed some variable 
effects of hardwood compost amendments in all three soil 
types. Some variable effects on plant growth in SFS were 
recorded. In Exp. 3, nonsterile compost amendment increased 
RFW and SDW, and steam-treated compost increased RFW (Table 
9) . In Exp. 4, amendment of SFS with nonsterile compost 
resulted in a decrease in SDW and amendment of SFS+Pa 
resulted in a reduction in SN (Table 11).
The increase in RFW resulting from amendment with steam- 
treated compost was larger than the increase obtained with 
the metalaxyl treatment in FS (Table 3). However, metalaxyl 
increased plant growth in association with reductions in 
disease severity in SFS+Pa, while amendment with mixed 
hardwood bark compost did not. The decrease in root 
colonization by P. arrhenomanes resulting from amendment with 
nonsterile compost was not as large as that provided by the 
metalaxyl treatment (Table 4).
DISCUSSION
Different organic wastes had varied effects on Pythium 
root rot and sugarcane growth. Sugar mill filterpress cake,
cotton gin trash compost, and sewage sludge amendments 
promoted plant growth and suppressed root rot in field soil 
and in steam-treated field soil infested with P. 
arrhenomanes. Steam-treatment of these organic wastes prior 
to amendment often resulted in a loss of ability to suppress 
root rot and enhance plant growth. Only filterpress cake 
retained the ability to increase plant growth when field soil 
was amended with steam-treated waste. Amendment with steam- 
treated sewage sludge resulted in a reduction in shoot 
weight of plants grown in field soil. These results suggest 
that the effects of these organic wastes on disease 
suppression and plant growth were biological in nature. In 
addition, amendment of steam-treated soil with nonsterile or 
steam-treated forms of these organic wastes generally did not 
result in improved plant growth during the time course of 
these experiments. This indicates that physical or 
nutritional improvements or changes to the soil from waste 
amendments were not responsible for enhanced plant growth.
The microbial community present in the organic wastes 
may have been directly responsible for suppression of root 
rot, or the waste amendments could have promoted the activity 
of organisms antagonistic to P. arrhenomanes already present 
in field soil (Cooper and Chilton, 1950; Connell, 1952; 
Johnson, 1952 and Luke, 1952). Filterpress cake, gin trash 
compost, and sewage sludge suppressed root rot in steam- 
treated soil infested with P. arrhenomanes in the absence of
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the natural sugarcane soil microbial community. In addition, 
steam-treated gin trash compost and sewage sludge failed to 
increase plant growth in nonsterile sugarcane field soils. 
This evidence supports the hypothesis that microbial 
populations present in nonsterile filterpress cake, gin trash 
compost, and sewage sludge enhanced plant growth through 
suppression of root rot.
Plant growth increases resulting from soil amendment 
with filterpress cake and sewage sludge have been reported 
previously. Field application of filterpress cake, at the 
rate of 20 tons/ha, increased cane yield 20% in plant cane 
and ratoon crops (Leal, 1989), but no reference was made to 
root disease control. Applications of municipal sewage sludge 
to corn, soybean, and wheat fields in Tennessee (Mays and 
Giordano, 1.988; Cripps et al. , 1992) and sludge compost
application to onion, lettuce, and turf in California 
(Bevacqua and Mellano, 1994) have resulted in yield 
increases. However, the beneficial effects were attributed to 
improvements in soil nutrition and soil moisture holding 
capacity. Lumsden et al. (1983a) reported that application of 
composted municipal sludge suppressed root diseases caused by 
Pythium and Rhizoctonia. by increasing soil microbial 
activity. Similarly, Fliebbach et al. (1994) reported that
field application of sewage sludge enhanced soil microbial 
biomass and microbial activity. Results from a preliminary 
field experiment in which sugarcane plants were transplanted
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into soil amended with organic wastes, found that amendments 
with sewage sludge, filterpress cake, and gin trash compost 
suppressed root rot and increased plant growth (Appendix 1). 
In addition, the first large-scale application of sewage 
sludge to sugarcane resulted in yield increases in two 
cultivars (Brock et al., 1995).
Cottonwood bark compost suppressed root rot and 
increased plant growth when field soil and steam-treated soil 
infested with P. arrhenomanes were amended with nonsterile or 
steam-treated compost. The mixed hardwood bark compost also 
suppressed disease and increased plant growth in nonsterile 
field soil amended with steam-treated compost. These results 
suggest that bark composts might suppress Pythium root rot by 
enhancing natural biological control associated with 
microflora native to sugarcane field soils. However, plant 
growth was increased in steam-treated soil infested with P. 
arrhenomanes and steam-treated soil when amended with steam- 
treated bark composts. This suggests that abiotic factors 
also were enhancing plant growth. This possible combination 
of biotic and abiotic factors affecting disease and plant 
growth is similar to the described effects of waste 
amendments on Pythium in turf (Nelson and Craft, 1993).
The effects of amendment with yard waste compost were 
erratic. Overall, yard waste compost was ineffective in 
suppressing root rot and increasing plant growth. Reasons for 
the erratic results are uncertain. The reductions in plant
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growth observed in steam-treated soil infested with P. 
arrhenomanes following amendment with steam-treated compost 
suggest that amendments increased disease severity. This was 
supported by an observed increase in root system 
discoloration. However, the reductions in plant growth in 
steam-treated compost amended SFS suggest that phytotoxic 
materials might have been present in yard waste compost.
The municipal solid waste compost used as an amendment 
in this study generally had no effect on root rot severity or 
plant growth in field soil or steam-treated soil infested 
with P. arrhenomanes. Detrimental effects on plant growth in 
steam-treated soil following amendment with steam-treated or 
nonsterile compost suggest that phytotoxic materials were 
present. These results do not agree with those from field 
experiments, in which amendment with the same compost 
increased sugarcane yields (Hallmark et al., 1994).
The municipal solid waste compost used in this study was 
prepared by a rapid composting process, so the degree of 
maturity and stability of the material was uncertain. It has 
been shown that variables related to compost preparation, 
such as differences in original waste components, composting 
procedures, and aging can affect disease suppressiveness of 
composts (Hoitink et al. , 1986). Municipal solid waste
compost amendments have provided beneficial improvements to 
soil physical, chemical, and biological properties in other 
field studies (Turner et al. , 1994; Giusquiani et al. , 1995) .
Sugarcane growth increases were associated with a 
reduction in root rot severity and an increase in lateral 
root system development in waste-amended soils. However, the 
effect of waste amendments on root colonization by P. 
arrhenomanes was erratic in field soil and steam-treated soil 
infested with P. arrhenomanes. In many cases, disease 
suppression was not reflected by a decrease in Pythium 
infection. This is in contrast to the effect of treatment 
with metalaxyl. The suppression of root rot resulting from 
amendment with some organic wastes is apparently microbial in 
nature, but the mechanism is uncertain. The sites of 
infection by Pythium were not determined in this study. One 
possibility is that infection of sites critical to growth, 
such as root tips, was reduced or delayed in waste-amended 
soils.
Sugarcane is typically grown as a monoculture. While P. 
arrhenomanes has been demonstrated to be a causal agent of 
root rot (Hoy and Schneider, 1988a and 1988b; Rands and Dopp, 
1938), sugarcane root rot is probably caused by a complex of 
organisms, many of which would be considered "minor 
pathogens" (Salt, 1979) . In Australia, the problem is 
referred to as "poor root syndrome" (Croft et al., 1984a). A 
comparison of the effects of metalaxyl and organic waste 
amendments in nonsterile field soil and steam-treated field 
soil infested with P. arrhenomanes in this study would
support the concept of a complex etiology for sugarcane root 
rot. The effects of metalaxyl treatment and beneficial waste 
amendments on root rot severity and plant growth in 
nonsterile field soil were similar, whereas metalaxyl 
treatment was usually superior to waste amendment in steam- 
treated soil infested with P. arrhenomanes. It is possible 
that the reductions in disease severity and plant growth 
increases in field soil resulting from waste amendments were 
due to suppression of a complex of pathogenic microorganisms.
Increases in plant growth resulting from soil amendments 
with different organic wastes have been documented for 
various crops and attributed to improvements in nutritional 
and physical soil properties and microbial interactions, 
including soilborne disease suppression. The present study 
demonstrated that different organic wastes have varied 
effects on root rot and the growth of sugarcane. The results 
suggest that soil amendment with some organic wastes 
represents a potential management practice for sugarcane root 
rot, a disease problem for which effective management 
practices are currently not available. In addition, they 
provided evidence supporting the concept that soil amendments 
with organic wastes may provide a sustainable, effective 
disease control option for different soilborne diseases 
affecting a variety of crops.
CHAPTER III
CHARACTERIZATION OF ORGANIC WASTES AND WASTE-AMENDED SOILS 





Root rot, caused by Pythium arrhenomanes Drechs., has 
been demonstrated to play a role in sugarcane stubble 
decline, a major constraint affecting the profitability and 
productivity of sugarcane in Louisiana (Edgerton et al. , 
1934; Hoy and Schneider, 1988b; Rands and Dopp, 1938). 
Control of root rot would result in yield increases in ratoon 
crops and a possible extension of the crop cycle by one or 
more ratoons that would enhance land use efficiency and 
reduce the costs of crop production. Conventional methods of 
root disease management, such as development of cultivars 
with genetic resistance (Srinivasan and Narasimhan, 1963), 
use of fungicides (Croft et al. , 1984b; Hoy and Schneider, 
1988b, Hoy et al. , 1991), soil solarization (Reghenzani,
1988), improving drainage (Carter and Camp, 1983), or soil 
fumigation are not highly effective due to environmental, 
economic, and practical considerations.
Amending soil with organic wastes improves soil 
physical, chemical, and biological properties (Giusquiani et 
al. , 1995) and provides an inexpensive and useful waste
recycling method. Populations of microorganisms present in 
organic wastes may alter the composition and ecological 
balance of the natural soil microbial community (Hoitink and 
Fahy, 1988). Root pathogens are part of the soil microbial 
community, and disruptions within the natural ecosystem by 
organic waste amendments could result in suppression or
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enhancement of soilborne plant diseases (Lumsden et al. , 
1983b).
Composts prepared from different organic wastes have 
been used with varying levels of success for suppression of 
Pythium diseases of several crops (Lumsden et al. , 1983b; 
Hoitink, 1980; Hoitink and Fahy, 1986; Nelson and Craft, 
1993; Nelson and Hoitink, 1983 ; Chen et al. , 1988b) . The
nature of suppression in these studies has been attributed to 
biotic, abiotic, or a combination of factors.
In greenhouse experiments conducted as part of the 
present studies, some organic wastes used as soil amendments 
were suppressive to Pythium root rot only when they were 
nonsterile, some were suppressive when they were pasteurized 
before use, and some amendments did not affect or enhanced 
Pythium root rot (Dissanayake et al., 1994).
A number of different organic wastes from municipalities 
and agricultural industries are produced every year. They 
could be used in agriculture with beneficial results. 
However, the benefits derived from soil amendment with 
organic wastes should not occur at a cost to the environment, 
such as heavy metal, salt, and toxic material accumulation or 
persistence in the soil (Huising, 1974; Juste and Munch, 
1992) or contamination of ground water, and fish and wildlife 
habitat. Identification of properties of organic wastes 
associated with root rot suppression and the effects of 
amendments on the chemical properties of soil and plants will
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therefore be of use in selecting organic wastes suitable as 
soil amendments for specific situations. In addition, it may 
provide information concerning ways to convert disease 
conducive organic wastes into suppressive forms (Hoitink, 
et al. , 1986) . This study was undertaken to characterize and 
identify the biological and chemical properties of organic 
wastes and waste-amended soils suppressive and nonsuppressive 
to Pythium root rot of sugarcane.
MATERIALS AND METHODS 
Organic wastes. Biological and chemical characteristics 
were determined and compared for seven organic wastes: 
municipal sewage sludge, sugar mill filterpress cake, and 
composts prepared from cotton gin trash, cottonwood bark, 
mixed hardwood bark, municipal solid waste, and municipal 
yard waste, and a Commerce silt loam soil collected from a 
sugarcane field at the St. Gabriel Branch Experiment Station 
of the Louisiana Agricultural Experiment Station. The sewage 
sludge from LaPlace, LA, was treated by aeration, 
clarification, and anerobic digestion and then air-dried on 
clay tile beds to contain 15-20% solids. Filterpress cake is 
the sediment remaining after washing sugarcane prior to 
milling. It was collected from a pile outside a sugar mill 
after 3 to 6 mon of natural decomposition. The cotton gin 
trash and bark composts were prepared and provided by the 
Louisiana Cooperative Extension service composting facility 
in Baton Rouge, LA. The details of preparation for these
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composts are presented .in Chapter two. The municipal solid 
waste compost was prepared using the Bedminster process, 
involving sorting of noncompostable materials, amendments 
with sewage, sludge, and rapid composting over 3-day-period 
with frequent turning and temperature control. It was 
provided by Bioconversion, Inc. (Sevierville, TN). The yard 
waste compost was prepared and provided by a municipal 
composting facility at Lafayette, LA.
Chemical properties of organic wastes and waste- 
amended soils. Chemical characteristics (pH; C:N; organic C, 
N, P, K, Mg, and S; and salts) of the wastes and waste- 
amended soils were determined by the Louisiana State 
University Agricultural Center soil-testing laboratory. 
Chemical properties were determined for silt loam soil and 
steam-sterilized soil(steam-treated 24 h in 50 x 70 x 8 cm 
metal trays) before and after addition of nonsterile and 
steam-treated organic wastes. The amount of heavy metals 
available to plants and microorganisms was estimated using 10 
g samples of soil or waste-amended soil extracted with 
diethylenetriaminepentaacetic acid-triethanolamine (DTPA-TEA) 
(Lindsey and Norvell, 1978).
Determination of microbial activity. A modification of 
the fluorescein diacetate (3-1, 6"1 diacetyl fluorescein
[FDA]) hydrolysis assay described by Schnurer and Rosswall 
(1982) was used to estimate microbial activity in field soils 
and in different organic wastes used in this study. FDA is
hydrolyzed by a number of enzymes found only in living
tissues, such as proteases, lipases, and esterases. The
product of this enzyme conversion is fluorescein, which can 
be quantified by spectrophotometry. It is assumed that an 
estimate of enzyme activity quantitatively reflects microbial 
activity. FDA (Sigma Chemical Co., St. Louis, MO) was 
dissolved in acetone (analytical grade) and stored as a stock 
solution (2 mg/ml'1) at -20 C. A sample of 3 g (wet weight) 
of each of the seven organic wastes, or field soil, was 
dispersed in 25 ml of sterile 60 mM potassium phosphate 
buffer (pH 7.6) in a 250-ml Erlenmeyer flask. FDA (0.5 ml) 
stock solution (1 mg FDA) was added to each flask, and the
suspension was incubated on a rotary shaker (200 rpm) at 27
C for 1 h for FDA hydrolysis. After 1 h, 25 ml of acetone was 
added to each flask to stop the hydrolysis reaction, and the 
liquid portion was decanted into a 3 0-ml centrifuge tube 
while swirling. The tubes were then centrifuged at 6000 rpm 
for 5 min to remove solid particles, and the amount of 
fluorescein in the supernatant was measured as absorbance at 
490 nm with a Spectronic 2000 colorimeter. Absorbance 
readings were compared to a standard curve prepared using 
known concentrations of fluorescein to determine the mg of 
FDA hydrolyzed per g of soil or organic waste (oven-dried 
basis) per h. Oven dry (105 C, 24 h) moisture content of an 
equivalent sample of each type was determined
gravimetrically. Each treatment was replicated three times.
Two control treatments were incubated concurrently with the 
samples. In control one, a 3-g sample of each material was 
suspended in 25 ml of acetone to kill all microorganisms, and 
2 min later, 25 ml of phosphate buffer was added. After 
another 2 min, 0.5 ml of FDA solution was added and incubated 
for 1 h at 27 C on a rotary shaker, and absorbance was 
recorded. In a second control, 0.5 ml of FDA solution was 
added to 25 ml of phosphate buffer in a 250-ml flask, and 
immediately, 2 5 ml of acetone was added and the absorbance 
was recorded. Background absorbance was then corrected for 
each treatment using readings from the control samples.
A standard curve for fluorescein absorbance was prepared 
using a stock solution containing 399 mg of fluorescein 
dissolved in 100 ml of phosphate buffer. Six, 3 g samples of 
organic waste (wet weight) were placed into six 250-ml 
Erlenmeyer flasks. To each flask, 25 ml acetone and 25 ml 
phosphate buffer were added. Then 0, 0.1, 0.2, 0.3, 0.5, and 
1.0 ml of fluorescein standard solution was added to 
individual flasks so that different flasks contained the 
equivalent of 0, 10, 20, 30, 50, and 100 ug FDA converted to 
fluorescein. Flasks were incubated on a rotary shaker under 
the same conditions used for samples for 3 0 min. After 
centrifugation, the supernatant from each flask was checked 
for absorbance at 490 nm. Values were then plotted to produce 
a calibration curve and a first order regression equation was 
obtained for converting samples to ug FDA hydrolyzed/g of
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material/h. Different calibration curves were made for soil 
or organic wastes of different origin where the amount of 
turbidity of the solution or the amount of fluorescein 
adsorbed was likely to be different.
Total bacteria and actinomycete populations. Total 
bacteria and actinomycete populations in organic wastes and 
field soils were enumerated by dilution plating on tryptic 
soy agar (Martin, 1975) and water yeast-extract agar 
(Crawford et al., 1993), respectively.
Elemental analysis of plant tissue. Tissue analyses for 
plants grown in soils amended with different organic wastes 
were conducted by the LSU Agricultural Center plant tissue 
analysis laboratory. Tissue analyses were performed using 
inductively coupled plasma (IPC) emission spectroscopy (Huang 
and Schulte, 1985) . A 0.5 g sample of dried, ground plant 
material was digested with 5 ml of concentrated HN03 and 1 ml 
of 500 ppm Mo solution (as an internal standard) in a 50-ml 
Folin digestion tube on an aluminum heating block. 
Temperature was gradually increased to 6 0 C over a 3 0 min 
period. Three ml of 30% H202 was then added to the warm 
sample, and the temperature was gradually raised to 12 0 C and 
maintained at the temperature for about 90 min until 2 to 3 
ml of acid remained in the tube. The remaining sample was 
diluted to 50 ml with distilled-deionized water and mixed 
thoroughly with a teflon stirring rod. The solution was 
filtered through Whatman No. 40 filter paper, and the
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filtrate was used for elemental analysis by ICP spectroscopy.
RESULTS
Chemical properties of organic wastes, field soil, and 
waste-amended soils. Organic wastes contained variable but 
generally higher levels of plant nutrients, organic C, and 
salts than did field soil (Table 13). C:N ratios were highest 
for the bark and the solid waste than yard waste composts 
(Table 13). Sewage sludge, sugar mill fiterpress cake, and 
cotton gin trash compost generally contained higher 
concentrations of N, P, K, and Mg than did other organic 
wastes (Table 13). Sewage sludge had the highest N content; 
filterpress'cake had the highest P and Mg contents; and gin 
trash compost had the highest K content. Municipal solid 
waste compost contained the highest levels of organic C, 
salt, Mn, and S (Table 13).
Soil amendment with wastes resulted in increases in 
nutrient and salt levels in amended soil (Table 14). Within 
any given organic waste, field soil or steam-treated field 
soil amended with the nonsterile or steam-treated form of 
organic waste generally had similar nutrient levels (Table 
14) . However, nutrient levels among soils amended with 
different organic waste sometimes varied markedly. Soil 
amended with cotton gin trash compost contained the highest 
levels of N and K; soil amended with sugar mill filterpress 
cake had the highest level of P; and sewage-sludge amended 
soil also had a higher level of P in than soils amended with




waste C (%) N (%)' C:N
P K Ca Mg Salt 
--- ma/ka drv matter--
Mn S
Field soil 0 . 6 0 . 08 9.2 284 110 1924 • 351 205 39 10
Sewage sludge 21.6 3.5 6 . 7 6250 1277 8766 1274 7801 225 864
Sugar mill filt­
erpress cake
14 .3 1. 5 11.1 15239 4609 9893 2153 7358 135 214
Cotton gin trash 
compost
14 .3 2 . 0 12 . 2 2674 13342 5370 1604 10395 66 464
Cottonwood bark 
compost
21.7 0 . 6 29 .2 1485 1810 9142 702 5629 108 1684
Hardwood bark 
compost
21.3 0 . 8 28 . 7 1083 1157 8056 430 4895 160 1112
Municipal solid 
waste compost
35.2 1.3 27 .4 2420 3948 6086 1135 18971 319 2168
Municipal yard 
waste compost
13 . 8 0.7 15 . 7 527 2160 6034 757 2172 59 90
LSD (P=0. 05) 3 . 9 0.3 3 .1 3299 1080 3041 311 3441 79 95
a Each value represents a mean of two random samples.
CTl
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TABLE 14. Major nutrients and other chemical properties of field soil and steam-




C:N N(%) P K Ca Mg S Mn Salts 
--  ma/ka drv matter-----
Na PH
Field soil (FS) 10 . 8 0 . 08 249 • 122 • 1996 403 8.3 37 186- 24 6.2Sterile field 
soil (SFS)
9.7 0.09 217 116 2105 429 11. 9 114 187 24 6 . 5
FS+SS 8 . 0 0 .10 671 123 1735 302 60.4 130 535 50 6 .1FS+SSS 7.6 0 .15 849 134 1783 325 64 .4 284 535 57 7.3SFS+SS 7.4 0 . 05 649 120 1980 360 52 . 7 145 544 62 6 . 5SFS+SSS 8 . 6 0 . 07 832 86 1366 253 48 . 9 200 396 33 7 . 6
FS+FC 13 . 8 0 .11 1429 303 3241 562 24.5 85 864 26 6 . 8FS+SFC 14 .1 0 .11 903 238 2869 462 26 .1 81 864 27 6 . 8SFS+FC 11.4 0 .14 1048 273 2727 488 24 . 8 129 831 28 6 . 9SFS+SFC 10 . 8 0 .12 877 242 2605 458 27 . 7 141 716 28 7 . 2
FS+GT 10 . 7 0.20 549 1118 2596 553 37 . 0 58 1094 79 6 . 7FS+SGT 10.3 0.17 520 947 2622 560 32.3 68 1044 73 6 . 7SFS+GT 12.3 0.21 374 1178 2810 584 37.3 106 1110 87 6 . 9SFS+SGT 11.1 0 .19 498 1072 2438 532 38 . 0 137 1003 74 7 . 3
FS+CW 28 .4 0 .09 312 189 2984 430 130 . 9 53 798 31 6.5FS+SCW 15 . 9 0 .13 311 184 2890 421 127 . 0 57 831 31 6.4SFS+CW 21.2 0 .13 349 223 3270 448 159 . 3 107 570 37 6 . 7SFS+SCW 20 . 0 0 .12 308 201 2854 405 142 . 0 124 839 31 6 . 9
Table 14 continued ..
00
FS+HW 14.3 0.14 322 175 3419 408 107.9 77 864 40 6.7
FS+SHW 17.5 0.12 427 197 3377 408 148 .1 124 1053 46 6.7
SFS+HW 19.6 0 .12 329 190 3366 415 124 .2 113 831 47 6.8
SFS+SHW 17.4 0.11 253 167 3064 407 99 . 7 119 749 42 6.7
FS+SW 13 .7 0.05 327 260 2011 365 220 . 2 70 1849 395 6.5
FS+SSW 13 .5 0 . 05 412 205 2075 345 15-7.4 71 1159 248 6 . 5
SFS+SW 9.0 0 . 09 486 260 2172 388 141.1 158 1439 390 7 . 0
SFS+SSW 10.1 0 . 08 465 268 2664 442 187.3 165 1439 408 6.9
FS+YW 13 . 0 0 . 07 350 221 2085 334 11.1 69 227 26 6.8
FS+SYW 13.7 0.08 339 185 1852 284 11.4 114 245 23 6.6
SFS+YW 15.1 0.10 393 258 2189 343 20 . 5 169 297 30 7.2
SFS+SYW 10.7 0 .09 329 191 1866 282 20 . 6 168 310 26 7.2
a All waste amendments were composts except sewage sludge and filterpress cake.
GT= cotton gin trash, SGT= steam-treated GT, FC= sugar mill filterpress cake, SFC 
steam-treated FC, HW= mixed hardwood bark, SHW= steam-treated HW, CW= cottonwood 
bark, SWC= steam-treated CW, SS= sewage sludge, SSS= steam-treated SS, SW= 
municipal solid waste, SSW= steam-treated SW, YW= municipal yard waste, SYW= 
steam-treated YW.
b Each value represents a mean of two random samples for each amended soil.
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other wastes. Soils amended with bark composts contained high 
levels of S and had the highest C:N ratio. In addition, soil 
amended with mixed hardwood bark compost contained the 
highest levels of calcium. Municipal solid waste compost did 
not increase soil N levels; however, amended-soil contained 
the highest levels of S, Na, and salts. Municipal yard waste 
amendments did not affect N, P, or K levels in soil. The 
waste amendments did not cause major changes in pH values 
which ranged between 6.1 and 7.5.
Analyses of waste-amended and nonamended soil for metal 
elements found that changes in the levels of heavy metals 
were variable (Table 15). The metals most frequently 
increased by waste addition were Mn, S, Fe, and Pb. Municipal 
solid waste compost and sewage sludge amendments resulted in 
the greatest number of increases in soil metal 
concentrations. Sewage sludge-amended soil had the highest 
levels of Cu, Mn, and Zn, and municipal solid waste-amended 
soil had the highest levels of Fe, S, and B. All organic 
waste amendments increased Mn and S levels in amended soil 
(Table 15) . ■
Tissue analyses for major nutrients and some heavy 
metals in plants grown in soil amended with organic wastes 
indicated that plants showed elevated levels of any elements 
that were present in higher concentration in a waste or soil 
amended with that waste. Tissues of plants grown in soil 
amended with sewage sludge contained the highest levels of N,
TABLE 15. Comparison of metal element contents of silt loam sugarcane field soil (FS)
with and without organic waste amendment________________________________________________
Metal element13
Amendment3
As Cd Cu Fe Mn Ni 
---- mcr/kcf drv matter
Pb Zn S B
No-amendment (FS) 4 .1 0 . 55 4.4 110.5 30 .5 2.9 2.9 9.5 6 . 0 1.3
Sewage sludge 4.9 0 .44 10 .7 298 . 0 130.0 2.7 3.7 48 . 3 60 . 0 2 . 9
Sugar mill filter­
press cake
7.7 0.54 5.5 251. 5 93 .5 4 .1 5.1 19 . 6 25 . 0 0.3
Cotton gin trash 
compost
10 . 0 0 . 59 3.2 70 . 0 58.5 4.1 3 .1 8.2 65 . 0 2 . 7
Cottonwood bark 
compost
7.6 0.71 4.3 104 . 0 64 .5 3.2 3 . 9 11.4 130 . 0 1.0
Hardwood bark 
compost
8 . 7 0 . 67 4 . 7 115 . 0 71. 0 3 . 8 2.3 11.6 107 . 9 0 . 6
Municipal solid waste 
compost
5 .1 0 .39 7.8 345 . 0 70 .1 3.2 6 . 8 40 . 8 220 . 0 5.2
Municipal yard waste 
compost
3.1 0 . 51 3.4 98 .1 69 . 5 2 . 5 3 .1 26.5 22 . 0 1. 5
LSD (P>0.05) 4.8 0.5 3.5 144 . 6 32 . 0 1.9 2.3 11.2 235.3 2 . 5
a Sewage sludge and filterpress cake were amended 10% v/v, and composts were amended 
2 0% v/v.
b Each value represents a mean of two random samples for each amended soil.
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P, Ca, Mg, Mn, and Zn (Table 16) . Plants grown in soil 
amended with cotton gin trash compost contained higher levels 
of K and Mg (Table 16). The exception was that the high Na 
level in municipal solid waste compost-amended soil was not 
reflected in tissue analysis of plants grown in the amended 
soil.
Microbial activity of organic wastes. Comparisons of the 
capacity of microbial communities to hydrolyze FDA indicated 
significant differences in microbial activity among the 
organic wastes used as soil amendments (Table 17). Activity 
levels were higher in all wastes than in silt loam soil from 
a sugarcane field. The highest microbial activity level was 
found in sewage sludge followed by filterpress cake. The 
lowest activity levels detected were for the municipal solid 
waste and yard waste composts. Filterpress cake and sewage 
sludge contained much larger populations of actinomycetes and 
bacteria than the other wastes. Among the composts, only 
cotton gin trash and mixed hardwood bark contained larger 
actinomycete populations than were found in field soil, while 
yard waste and cotton gin trash had higher bacterial 
populations.
DISCUSSION
The suppression of soilborne diseases through the 
addition of'organic amendments has been documented in soil­
less container media and in field situations (Cook and Baker, 
1983; Hardy and Sivasithamparam, 1995; Hoitink and Fahy,
TABLE 16. Comparison of the tissue concentration of various elements in sugarcane 
plants grown in unamended silt loam soil and soil amended with different organic
wastes_________________________________________________________________________________
__________________________Elementb______________________________
Waste N P K Ca Mg Mn Zn Cu Na
amendment--------------  mg/q dry matter
None (field soil) • 23 .1 3.3 19.6 ■3 . 8 1.8 0.19 0.03 0 . 01 0 . 85
Sewage sludge 
(10%, v/v)
31.4 5.3 18 . 3 6 . 8 2.1 0 .44 0 . 04 0 . 01 1.20
Cotton gin trash 
(20%, v/v)
25.1 4.9 25.2 3.5 2.0 0 .11 0.03 0 . 006 0.49
Municipal solid 
waste (20%, v/v)
24 . 0 3 . 8 21.6 3 . 9 1. 6 0 .13 0 . 02 0 .005 0.56
Municipal yard 
waste (20%, v/v)
24 . 8 2 . 6 21.2 3 . 8 1.4 0 . 05 0 . 03 0 . 007 1.40
a All amendments were composts except sewage sludge. 
b Each value is from a composite sample of five replicates.
TABLE 17. Total microbial activity and actinomycete and bacterial populations in 




Oraanic waste3 activitv13 — cfu/a drv matter ■
None (field soil) 0 . 18 9' 0 . 4 e 0 . 9 e
Sewage sludge 2 .10 a 8 ,.2 b 26 . 5 a
Sugar mill filterpress cake 1 . 42 b 23 ,.2 a 11.. 8 b
Cotton gin trash compost 1 . 12 cd 3 ,. 6 cd 2 . 1 d
Cottonwood bark compost 1.. 04 d 2 . 0 de 1.. 7 de
Hardwood bark compost 1.. 18 c 4 . 1 c 1 . 2 de
Municipal solid waste compost 0 . 81 e 1 . 8 de 1.. 8 de
Municipal yard waste compost 0 . 72 f 1 . 9 de 2 . 7 cd
a Means followed by the same letter within a column were not different (P>0.05) 
from each other.
b Microbial activity was estimated by fluorescein diacetate (FDA) hydrolytic 
assay. Values are ug FDA hydrolysed/h/g dry matter.
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1986; Lumsden et al., 1983a; Millner et al., 1982; Workneh et 
al., 1993). The nature of suppression has been attributed to 
biotic and abiotic factors or both. Possible biological 
mechanisms for supprssion include: competition for available 
nutrients (Chen et al., 1988a; Chen et al., 1987a; Elad and 
Chet, 1987); hyperparasitism (Harder et al. , 1984; Henis and 
Chet, 1975; Sivan et al., 1984) ; competition for iron (Becker 
and Cook, 1988; Schippers et al., 1987); and production of
soluble inhibitors (Lockwood, 1977), volatile inhibitors 
(Howell et al. , 1988), or hydrolytic enzymes (Roberts and
Lumsden, 1988) by soil microbes. Abiotic factors suggested to 
be associated with disease suppression include: effects on 
soil pH (Huber and Watson, 1970; Kao and Ko, 1986a and 1986b; 
Lockwood, 1964), increase in supply of Ca (Huber and Watson, 
1970; Kao and Ko, 1986a), release of urea (Lockwood, 1986; 
Henis and Chet, 1967; Gilpatrick, 1969) and other nutritional 
effects (Lin et al., 1990). It also has been observed that 
incorporating fresh or decomposing organic matter into soil 
can hamper plant growth. This has been attributed to factors, 
such as nutrient imbalance (Jimnose and Garcia, 1989) or 
release of toxic substances (Zucconi et al., 1981).
Based on biological and chemical properties, the organic 
wastes used in this study could be divided into three groups. 
Group one consisted of sugar mill filterpress cake, cotton 
gin trash compost, and sewage sludge. These wastes had the 
common properties of high microbial activity, comparably low
C:N ratios, and high levels of major plant nutrients. These 
wastes also were distinguished from the others studied by the 
ability to reduce the severity of Pythium root rot and 
increase plant growth when added to sugarcane field soil in 
nonsterile form (Chapter 2) . It is noteworthy that beneficial 
effects were not obtained when these wastes were steam- 
treated before addition. Plant growth increases also were not 
observed when these wastes were added to steam-treated soils. 
Considered altogether, the evidence suggests that plant 
growth increases were due to disease suppression resulting 
from microbial interactions rather than any nutritional 
improvements.
Microbial activity estimated by the FDA hydrolysis assay 
showed that the disease suppressive wastes in group one had 
the highest activity levels. This agrees with earlier 
observations that higher microbial activity was a predictor 
of disease suppressivenesg (Chen et al. , 1988a; Elad and
Chet, 1987; Inbar et al. , 1991; Mandelbaum and Harder, 1990) . 
In addition, filterpress ĉ .ke had the highest actinomycetes 
population, followed by gewage sludge. Actinomycetes have 
been shown to be antagonistic towards Phytophthora spp. 
(Broadnet and Baker, 1971; Hardy and Sivasithamparam, 1995), 
Phytophthora and Pythiwp spp. (Sneh et al. , 1977), and P.
arrhenomanes (Johnson, J.954) . Actinomycetes were postulated 
to be responsible for the suppression of Pythium in turf 
following application of composts (Nelson and Craft, 1993).
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In addition, sewage sludge had the highest populations of 
bacteria, followed by other disease suppressive wastes. 
Suppression of certain soilborne pathogens has been 
attributed to bacteria (Weller, 1983; Howell and Stipanovic, 
1980).
Enhancement of populations of organisms antagonistic to 
P. arrhenoman.es already present in sugarcane field soil 
(Johnson, 1954) is one mechanism by which disease suppression 
could be accomplished. However, steam-treated filterpress 
cake, cotton gin trash compost and sewage sludge generally 
failed to suppress root rot in field soil, as mentioned 
previously. In addition, nonsterile of forms of these wastes 
suppressed disease in the absence of the native microflora in 
P. arrhenomanes-infested, steam-treated soil. This provides 
further evidence suggesting that biological agents present in 
these wastes were capable of suppressing the development of 
Pythium root rot.
A second group of wastes consisted were of bark 
composts. The bark composts differed from the first group of 
wastes in that they were effective in suppressing root rot 
and enhancing plant growth when added in steam-treated, as 
well as, nonsterile form (Chapter two). This suggests that 
Pythium root rot suppression could be due to biotic and 
abiotic factors, as suggested by other researchers ( Nelson 
and Craft (1993; Huber and Watson, 1970; Kao and Ko, 1986a, 
Lin et al. , 1990). However, steam-treated bark composts
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effectively suppressed Pythium root rot and enhanced plant 
growth only in field soils and not in P. arrhenomanes- 
infested, steam-treated soil. This suggests that amendment 
with steam-treated bark composts enhanced native soil 
microorganisms that were capable of suppressing root rot.
The common characteristics of the bark composts were 
high microbial activity, lower N, higher C:N ratios, and 
higher levels of Ca and S. Microbial populations in bark 
composts or field soils involved in Pythium suppression must 
be capable of using substrates with high C:N ratios. Bacteria 
are less capable of using substrates with a high C:N ratio. 
This suggests fungi, which are capable of using such 
substrates, may be involved in Pythium suppression. A higher 
Ca content in soil has been associated with soil 
suppressiveness to Pythium spp. (Huber and Watson, 197 0; Kao 
and Ko, 1986b), and bark compost-amended soils were higher in 
Ca content than field soil. Calcium was reported to promote 
the growth rate of roots and shorten the period of 
susceptibility to root rot in cucumber seedlings (Kao and Ko, 
1986a).
Mn is another element that contributes to plant 
resistance to root pathogens (Huber and Wilhelm, 1988). 
Hardwood bark compost and also sewage sludge and filterpress 
cake contained elevated levels of Mn, and this could be a 
factor involved in root rot suppression associated with these 
organic wastes.
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Nutrient increases resulting from organic waste 
amendments might promote plant growth in soils where such 
elements are deficient. An increased growth rate might allow 
plants to out-pace infection by root pathogens. However, 
elevated levels of plant nutrients were probably not the 
cause of increased plant growth in this investigation, since 
amendment of nonsterile field soil with steam-treated wastes 
in group one and amendment of steam-treated soil with all 
wastes generally did not increase plant growth.
The third group of organic wastes consisted of the 
municipal solid waste and yard waste composts. Soil amendment 
with these wastes did not suppress disease or increase plant 
growth in greenhouse experiments (Chapter 2) . Solid waste had 
the highest levels of salts, S, Fe, and B, and amended soils 
had high levels of salts and Na. Nutrient levels in plant 
tissues were unaffected by amendment with either waste. The 
microbial activity levels for these wastes were slightly 
higher than for field soil, but they were the lowest of all 
the wastes. This evidence provides additional support for the 
concept that microbial activity level is a predictor of 
disease suppressiveness.
The poor plant growth observed in steam-treated soil 
amended with solid waste compost suggests this compost 
contained toxic or growth-inhibiting materials ( Zucconi, et 
al. 1981) . The results from this study do not agree with
those from field experiments with sugarcane using the same 
municipal solid waste compost where, in some cases, 
significant yield increases were obtained from amended soils 
(Hallmark et al., 1994). A possible explanation may be that 
the compost used in this study was prepared through a rapid 
composting process, and the state of maturity and stability 
of the compost were uncertain. This compost have been more 
effective when used in a long-term field experiment.
In greenhouse studies, soil amendment with different 
organic wastes had variable effects on sugarcane root rot and 
plant growth (Chapter 2). Chemical and biological properties 
could be used to characterize and distinguish groups of 
organic wastes that were disease suppressive only in 
nonsterile form, suppressive in nonsterile and steam-treated 
forms, or nonsuppressive. Microbial activity level was a good 
general predictor of the potential of an organic waste to be 
disease suppressive when used as a soil amendment. Chemical 
properties, such as N, P, K, Ca, and Mn levels and C:N ratio 
distinguished wastes that appear to accomplish disease 
suppression and promote plant growth by different mechanisms.
CHAPTER IV
HERBICIDE EFFECTS ON PYTHIUM ROOT ROT, PYTHIUM 




Sugarcane production in Louisiana is adversely affected 
by a complex yield decline now known as stubble decline 
(Edgerton, 1939; Edgerton et al. , 1934; Hoy and Schneider,
1988a and 1988b) . Sugarcane is clonally propagated by planting 
stalks, and successive annual cuttings are obtained from one 
planting. Ratoon or stubble crops develop from buds remaining 
on the basal portions of plants left in the soil after 
harvest. Stubble decline is characterized by progressive 
reductions in stubble germination and growth causing yield 
reductions in the successive ratoon crops. This limits the 
crop cycle to three years: the plant cane crop and two ratoon 
crops. The producer must then fallow the field the fourth year 
and replant in late summer-early fall. Replanting is an 
expensive operation, not only from the stand point of time, 
labor, and equipment investment, but also because revenue is 
lost in the use of cane for seed. Consequently, the longer the 
grower can extend the crop cycle the greater the return on his 
investment.
Many environmental, cultural, and biological factors are 
associated with stubble decline. Among these factors are 
Pythium root rot, caused by Pythium arrhenomanes Drechs. 
(Edgerton, 1929; Hoy and Schneider, 1988a and 1988b; Rands and 
Dopp, 193 8) and stress caused by weed competition. Weeds cause 
stress on crop plants by competing for space, nutrients, and 
water and acting as alternative hosts for pests and diseases
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(Altman, 1993). Weed control, accomplished primarily by 
tillage and use of herbicides, is important to maximizing the 
yield of sugarcane in Louisiana.
In addition to the primary role of reducing weed 
competition, herbicides can have other indirect and direct 
effects on the growth of crop plants. Herbicides may affect 
plant pathogenic soilborne fungi and thereby, the occurrence 
or severity of root diseases (Altman and Campbell, 1977; 
Altman and Rovira, 1989; Katan and Eshel, 1973). Herbicides 
also affect the chemical and biological properties of soil 
(Grinstein et al., 1984; Levesque et al., 1987). Plant
diseases may be enhanced due to indirect herbicide effects on 
soil microorganisms that are normally antagonistic to root 
pathogens (Bollen, 1993). Finally, herbicides may cause direct 
injury to crop plants, adversely affecting disease resistance 
mechanisms and predisposing them to root diseases (Ashton and 
Craft, 1973; Levesque and Rahe, 1992; Hess, 1993). Even though 
the site of herbicide action is present and functional in the 
crop, injury is avoided since the crop is able to degrade the 
herbicide chemically, inactivate it by conjugation, or limit 
its translocation (Ashton and Craft, 1973) . However, 
herbicides applied at concentrations adequate to kill weeds 
may cause sublethal injury to crop plants that can result in 
altered membrane permeability in root tissues and subsequent 
leakage of cellular contents into the root-soil interface 
(Hess, 1993). This increased availability of root exudates,
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which consist mainly of amino acids and sugars, may be a good 
source of nutrients for propagule germination and growth and 
development of opportunistic fungi, such as Pythium spp. 
(Altman and Rovira, 1989). Evidence suggests that propagules 
of some Pythium spp. depend on exogenous nutrients for 
germination and ultimately for successful host infection (Kao 
and Ko, 1983; Elad and Chet, 1987) .
There are additional possible effects of herbicides on 
host/soilborne pathogen interactions (Bollen, 1993). Foliar- 
applied chemicals can be translocated downward in plants and 
released from roots into the soil, either intact or as 
metabolic by-products (Hale and Moore, 1979). Some chemicals 
with fungicidal properties have been shown to provide disease 
suppression in field studies (Schuldt and Wolf, 1956; Grau and 
Reiling, 1977) . Another mechanism of reducing disease severity 
appeared to be reduction of germination rates of pathogen 
propagules due to enhanced soil fungistasis (Brown and Curl, 
1987) .
Some herbicides have been shown to have growth 
regulating properties that stimulate plant growth (Wu et al. , 
1972) . Conversely, plants affected with sublethal levels of 
root rot may be more vulnerable to damage by herbicide 
treatments (Altman, 1993) . Therefore, in addition to studying 
the conditions and practices under which maximum herbicide 
efficacy is obtained with regard to weed control, it is 
equally important to study the herbicide-host-disease
85
interactions that can affect crop growth and yield.
No information is available on the non-target effects of 
herbicides on P. arrhenomanes and Pythium root rot of 
sugarcane. The purpose of this investigation was to determine 
if herbicides commonly used in sugarcane directly affect P. 
arrhenomanes and Pythium root rot, and if injury to sugarcane 
increases disease severity.
MATERIALS AND METHODS
Effects of herbicides on Pythium root rot and growth of 
sugarcane. An experiment was conducted during Spring, 1993 
(Exp. 1) in the greenhouse with two soils: a Commerce silt 
loam from the St. Gabriel Branch Experiment Station of the 
Louisiana Agricultural Experiment Station in Iberville Parish 
and a Commerce clay loam from a sugarcane farm in West Baton 
Rouge Parish.
Soil was sieved through a 1-cm-mesh screen and mixed with 
sterile sand to a final field soil: sand ratio of 2:1 (v/v). 
A portion of the soil mixture was left unchanged and will be 
referred to as field soil (FS) hereafter. Another portion was 
steam-sterilized (steam-treated for 24 h in 50 x 70 x 8 cm 
metal trays) and will be referred to as steam-treated field 
soil (SFS) . A third portion of the silt loam soil/sand mixture 
was steam-treated and then infested with P. arrhenomanes 
inoculum and will be referred to as P. arrhenomanes-infested 
SFS (SFS+Pa). The Pythium inoculum was prepared and added to 
soil as described previously (Hoy and Schneider, 1988b).
Three-week-old sugarcane plants of cultivar CP 70-321, 
grown from single-bud-cuttings, were transplanted with one 
plant per pot. Five herbicides were applied 1 day after 
planting at recommended field rates as follows: atrazine
(Atrazine 4 L) at 2.3 kg ai/ha, glyphosate (Roundup 4 L)at 
0.3 kg ai/ha, pendimethalin (Prowl 3.3 EC) at 2.8 kg ai/ha, 
metribuzin (Sencor 75 DF) at 2.0 kg ai/ha, and terbacil 
(Sinbar 80 WP) at 1.5 kg ai/ha. Control treatments with no­
herbicide application were included for FS, SFS, and SFS+Pa 
for comparison with herbicide treatment. Herbicides were 
sprayed at the corresponding rates to sugarcane plants in each 
of the soil preparations. Herbicides were applied to plants on 
a spray table with a motorized conveyor belt using C02 
pressurized spray tanks. Plants were watered daily to keep the 
soil moisture level near field capacity and observed for 
phytotoxicity symptoms during the experimental period.
The effects of herbicides were considered separately for 
plants in FS, SFS, and SFS+Pa. Comparisons within FS were made 
to determine the effects of herbicides on Pythium root rot 
severity and plant growth in the presence of the natural 
sugarcane soil microbial community. Individual herbicide 
treatments were compared to the no-herbicide-treated FS 
control. Comparisons within SFS were made to determine the 
effects of herbicides on plant growth in the absence of the 
soil microbial community. Individual herbicide treatments were 
compared to the no-herbicide-treated SFS control. Comparisons
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within SFS+Pa were made to determine the effects of herbicides 
on Pythium root rot and plant growth when P. arrhenomanes was 
present without the rest of the soil microbial community. 
Individual herbicide treatments were compared to no-herbicide- 
treated SFS+Pa control.
The effects of herbicides on root rot severity and shoot 
and root growth were evaluated 10 wk after treatment. Each 
plant was removed from the pot, and the root system was gently 
washed free of soil. Measurements included total shoot number 
per plant, root system fresh weight, and total shoot dry 
weight. In addition, the root system of each plant was 
evaluated by subjective visual ratings for the amount of 
reduction in, lateral roots and the degree of discoloration 
caused by root rot compared to the root system of plants grown 
in steam-treated field soil. Ratings were made on a scale of 
1-4 in which, l=normal appearance: no discoloration or
reduction of the lateral root system, 1.5= very mild disease: 
up to 10% root system discoloration or reduction in lateral 
roots, 2 = mild disease: up to 25% of the root system
discolored or reduction in lateral roots, 2.5= moderate 
disease: > 25% to 50% of the root system discolored with root 
rot symptoms or reductions in lateral roots, 3= severe 
disease: > 50% to 75% of the root system discolored or lateral 
roots reduced, 3.5= very severe disease: > 75% to 90% of the 
root system discolored or lateral root reduction, and 4= 
completely diseased: > 90% of the root system discolored or
no lateral roots due to root rot. Percent root length 
colonized by Pythium was determined by plating six randomly- 
selected, 5-cm-lengths of root per plant (150 cm of root 
length per treatment). Three root pieces were placed in a 9- 
cm-diameter petri dish and immersed in PVPS modified Pythium- 
selective media (Mircetich and Matheron, 1976). To prepare 
PVPS, 10 g each of corn meal agar and agar were autoclaved in 
1 L distilled water. After cooling to 40-45 C, the medium was 
amended with 300 mg vancomycin dissolved in 10 ml of sterile 
water, 15 mg' pentachloronitrobenzine dissolved in 2 ml 95% 
EtOH, 0.4 ml pimaracin (10 mg ai/L), and 300 mg spectinomycin 
dissolved in 10 ml sterile water. The medium was then poured 
over the roots until they were covered. Plates were incubated 
at room temperature (24-26 C). After 24-36 h, the length of 
root segments from which Pythium mycelium was growing into the 
medium was measured. A subset of six Pythium isolates from 
each plate was then transferred to individual petri dishes 
containing V8 medium (200 ml V8 vegetable juice cocktail/L, 15 
g agar, pH 4.8, amended after autoclaving with 3 00 ug 
penicillin). After 24 to 48 h, six to eight agar plugs, 3-mm 
in diameter,, containing actively-growing mycelium of each 
isolate were transferred into a 5.5-cm-diameter petri dish and 
flooded with 5 ml of filter-sterilized soil extract. After 2-3 
days at room temperature, identification of P. arrhenomanes 
isolates was done by microscopic examination of reproductive 
structures (Van der Plaats-Niterink, 1981) .
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The experiment was repeated during Winter 1993/94 (Exp. 
2) and Winter 1994/1995 (Exp. 3) using soils from the same 
locations, and asulam (Asulox 3.3 AS), applied at a rate of 
3.8 kg ai/ha, was included as an additional herbicide 
treatment. The duration of the experiments were 8 wk. Results 
were recorded as in the first experiment.
A completely randomized design with five replications was 
used in all three experiments. Percentage value data: percent 
root length colonized by P. arrhenomanes and rating data on 
root disease variables converted to the percentage midpoint 
for the appropriate interval were arcsin transformed before 
analysis. Data for treatments within FS, SFS, or SFS+Pa were 
subjected to analysis of variance for individual and combined 
experiments and presented. Differences among treatment means 
were determined using Fisher's Protected Least Significant 
Difference Test at the 5% level of probability.
Effect of herbicides on rate of mycelial growth of P. 
arrhenomanes in vitro. Corn meal agar was amended with 
commercial formulations of asulam (Asulox 3.3 AS), atrazine 
(Atrazine 4L) , glyphosate (Roundup 4L) , pendimethalin (Prowl 
3.3EC), metribuzin (Sencor 75WP), and terbacil (Sinbar 80WP) 
at 0, 1, 2, 3, 4 and 5 times the recommended application rate 
(used in greenhouse studies) . A 3-mm-diameter agar plug, 
removed from the margin of an actively-growing colony of P. 
arrhenomanes, was placed in the center of herbicide-amended 
plates. Plates were incubated at room temperature (24 to 26
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C). Radial growth of mycelium from the center was recorded at 
24 and 48 h. Each treatment was replicated six times and 
arranged in a completely randomized design. The experiment was 
repeated once. Data for both experiments were combined and 
subjected to linear regression analysis to determine the 
effect of herbicide concentration on mycelial growth.
RESULTS
Effect of herbicides on sugarcane growth and Pythium root 
rot. Asulam, atrazine, and metribuzin did not induce visible 
injury or phytotoxicity symptoms in roots or shoots of 
sugarcane plants. Pendimethalin induced varying degrees of 
stunting and clubbing of roots, damage symptoms characteristic 
of dinitroaniline herbicides, irrespective of soil type and 
presence or- absence of Pythium inoculum in all three 
experiments. Terbacil and glyphosate induced varying degrees 
of visible phytotoxicity symptoms in shoots in all 
experiments. The symptoms were droopy, flaccid, and yellow or 
necrotic leaves and marked growth reduction throughout the 
experimental period.
A combined analysis across experiments including 
different field soils indicated that root fresh weight, shoot 
dry weight, and shoot number were lower, while root rot 
variables were higher for plants grown in FS compared to 
plants grown in SFS. Plants grown in SFS+Pa exhibited further 
reductions in plant growth and increased root rot severity 
compared to plants grown in FS.
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The effects of herbicides are compared in individual 
experiments and combined analyses in separate tables for each 
growth parameter or root disease variable. In addition, 
comparisons within soil preparations: FS with FS SFS or SFS+Pa 
with SFS, are presented separately. Experiment by soil 
interactions were detected, so the results for the clay loam 
and silt loam field soils also are presented separately.
Effects of herbicides on root fresh weight. The combined 
analyses for clay loam field soil (Table 18), silt loam field 
soil (Table i9), and P. arrhenomanes-infested SFS (Table 20) 
all indicated that glyphosate and terbacil reduced root fresh 
weight in FS or SFS+Pa and SFS compared to plants in the no­
herbicide treatment of each type. The detrimental effect of 
glyphosate and terbacil was less evident in SFS in Exp. 2. 
However, there were marked reductions in root weight for 
glyphosate-treated plants in clay loam soil and SFS+Pa and the 
terbacil-treated plants in SFS+Pa, suggesting that root rot 
severity was increased in treated plants.
The combined analyses indicated that pendimethalin also 
reduced root fresh weight in both field soils and the 
corresponding SFS (Tables 18 and 19) . In comparing the 
effects in SFS+Pa and SFS (Table 20), pendimethalin reduced 
root fresh weight in P. arrhenomanes-infested SFS but not in 
SFS. Individual experiment analyses revealed variable effects. 
In clay loam soil in Exp. 1 and silt loam soil of Exp. 2, 
pendimethalin had no detrimental effect on RFW. In Exp. 1,
TABLE 18. Effect of different herbicides on root fresh weight of sugarcane
(CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Treatment
Root freshl weiaht (a)a
Exd . 1 Exp .2 Ex d . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 30. 9a 42 .lc 8 . 5cd 16.2b 10 . 9a 16 . la 16 . 8a 24 . 8b
Atrazine 29. 9a 56 . 0a 13 . 9a 23 .7a 11. 6a 16 . 6a 18 ,5a 32 . la
Asulam - - 11.8ab 21. 6a 11.2a 16. la 11.5b 18 , 8d
Glyphosate 11. Ob 18 .Id 5 . 8e 15 . 0b 2 .2d 3 . 4c 6.3d 12 .2e
Pendimethalin 25.7a 50.2ab 6 . 7de 7. Id 8 . 0b 8 .2b 13 .5b 21. 8c
Metribuzin 32 . 0a 45.7bc 8 . 5cd 14 .4b 10 . 8a 16.4a 17. la 25 . 5b
Terbacil 12 . 7b 13 .4d 9 . 5bc 10 . 9c 4 . 4c 2.4c 8 . 9c 8 . 9f
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment or the combined analysis, 
and within FS or SFS were not different (P>0.05) from each other.
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TABLE 19. Effect of different herbicides on root fresh weight of sugarcane
(CP 70-321) grown in a Commerce silt loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Root fresh weight(q)a
Treatment
Exp. 1 Ex d . 2 Exp . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 35.3a 53 . 9a 8. 3bc 22.Oabc 11.5ab 15 . 5a 18.4ab 30 . 5a
Atrazine 39.3a 55 . 8a 9 . 7bc 23.labc 12.Oab 16.1a 20 .3a 31.7a
Asulam - - 17 .2a 27.1a 9. 5ab 14.Sab 13.3cd 20 . 8b
Glyphosate 12. 8d 22 . lc 8 . lb 21.8abc 5.2c 3 .5c 8. 7e 15 .4c
Pendimethalin 27.3b 42 .4b 7. 6c 15 .4c 9. 3b 11.8b 14 . 7c 23 .2b
Metribuzin 28 .5a 53 . 8a 11.3b 24.Oab 12 . la 16 . 7a 17.3b 31.5a
Terbacil 18 .4c 17.1c 9 . 7bc 16.3bc 6 .3c 7.5c 11. 5d 13 . 6c
a Each value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment, or the combined analysis, 
and within FS or SFS were not different (P>0.05) from each other.
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TABLE 20. Effect of different herbicides on root fresh weight of sugarcane (CP 70-
321) grown in a steam-treated field soil (SFS) and Pythium arrhenomanes-infested,
steam-treated field soil (SFS+Pa) in individual experiments and a combined analysis
Treatment
Root fresh weiaht (a)a
Ex d  . 1 Exp . 2 Ex d  . 3 Combined
SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS
No herbicide 23 . Ob 41.4b 11.Sab 21.9ab 6.6a 16. la 13 . 7a 26,3bc
Atrazine 28.5a 58 .4a 11.5ab 23.lab 2 . 9bc 16 . 6a 14 .3a 32 . 7a
Asulam - - 12 . 2a 31.1a 5.2a 16. la 8 . 7b 23 . 6c
Glyphosate 10 . lc 22.5d 6 . 6cd 20.8ab 1. 5bc 3 .4c 6 . lc 15 .2d
Pendimethalin 22 . 5b 52.3ab 7 . lc 15 .4b 3 . Obc 7. 0b 9 .4b 25.9bc
Metribuzin 30 . 9a 48.7bc 7 . 5bc 23.9ab 3 . lb 16 .4a 14 .3a 29.6ab
Terbacil 13 ,7c 24 .4d 2 . 6d 2 0.7ab 1.0c 2 .4c 7.3c 16 . 6d
a Each value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment, or the combined analysis, 
and within SFS+Pa or SFS were not different (P>0.05) from each other.
>p-
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root weight was greater for treated plants than for plants in 
steam-treated clay loam soil (Table 18).
Based on the combined analyses, metribuzin did not affect 
root fresh weight of plants grown in clay loam soil, silt loam 
soil, or P. arrhenomanes-infested SFS (Tables 18, 19 and 20). 
However, metribuzin treated plants had lower root weight in 
SFS+Pa in Exp. 2, without any reductions in SFS (Table 19).
Atrazine did not reduce root fresh weight in any soil 
type of any of the experiments (Tables 18, 19, and 20). In the 
combined analyses atrazine increased root fresh weight of 
plants grown in two of three steam-treated soil preparations 
(Table 20) . In Exp. 2, atrazine increased root weight in 
nonsterile clay loam soil(Table 18).
The combined analyses indicated that asulam reduced root 
fresh weight in FS of all soil types (Tables 18, 19, and 20). 
However, this was an artifact resulting from the fact that 
asulam was not included in Exp. 1 in which the no-herbicide 
treated controls had high root weights. In the individual 
analyses for Exps. 2 and 3, asulam increased root weight in 
nonsterile and steam-treated clay loam soil and nonsterile 
silt loam soil in Exp. 2 and had no effect on root weight in 
Exp. 3.
Effect of herbicides on shoot dry weight. The combined 
analyses indicated that glyphosate and terbacil reduced shoot 
dry weight in nonsterile and steam-treated soil of each type 
tested (Tables 21, 22, and 23). Some variability was evident
TABLE 21. Effect of different herbicides on shoot dry weight of sugarcane
(CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Shoot dry weight3
Treatment
Ex d  . 1 Ex d  . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 14 . 8a 17 . 7b 6.8abc 8.6abc 6 . 4a 10 .4a 9.3a 12 . 0b
Atrazine 14 . la 22 .4a 8 . 3a 10 . 0a 6.3a 10. 0a 9.6a 14 . la
Asulam - - 7. 2ab 9 . 7ab 6 . 8a 10 . 8a 7. 0b 10 . 2c
Glyphosate 7 . 6b 11. 0c 3 .3d 7 . Ocd 1. 9c 2 . 9c 4 .3c 6 . 9d
Pendimethalin 14 . 9a 21. la 4 . 9cd 5 . 8d 6 . 7a 6 . 8b 8 . 8a 11.2bc
Metribuzin 14 . 5a 18. lb 5 . 7bc 8 . Obc 6 . 6a 10 .4a 8 . 9a 12 .2b
Terbacil 5 . 8b 8 . 6d 5 . 5bc 5 .2d 3 . 9b 3 . 2c 5 . lc 5 . 7e
a Each value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment or the combined analysis 
and within FS or SFS were not different (P>0.05) from each other.
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TABLE 22. Effect of different herbicides on shoot dry weight of sugarcane
(CP 70-321) grown in a Commerce silt loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Treatment
Shoot drv weiaht (a)a
Ex d  . 1 Ex d  . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 14.5ab 19.4b 4 . 9c 10.8ab 4.7a 8.7a 8 . 0b 13.Oab
Atrazine 16.3a 23 . 0a 8. 2a 10.3ab 5 . 6a 7 . 8a 9. 6a 13 . 7a
Asulam - - 7.1a 12.7a 5 .la 7.5a 6.6c 10 . lc
Glyphosate 8 . lc 13 .2c 4 . 0c 9. 8ab 2 . 5b 2 . 5b 4 . 9d 8 . 4d
Pendimethalin 15.Oab 17. 9b 5 . 4bc 9. 5ab 4 . 9a 7.5a 8 .4b 8.5b
Metribuzin 13 .5b 20.0b 6 . 8ab 10.5ab 5.3a 8 . la 8 .5b 12.9ab
Terbacil 9.4c 8 . 8d 4. 4c 7.9b 2 . 6b 3 . 7b 5 . 4d 6 . 8d
a Each value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment, or the combined analysis, 
within FS or SFS were not different (P>0.05) from each other.
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TABLE 23. Effect of different herbicides on shoot dry weight of sugarcane (CP 70-
321) grown in a steam-treated field soil (SFS) and Pythium arrhenomanes-infested,
steam-treated field soil (SFS+Pa) in individual experiments and a combined analysis
Shoot dry weight3
Treatment
Ex d  . 1 Ex d  . 2 Ex d . 3 Combined
SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS
No herbicide 11.b 19 . Oc 6. la 10.8ab 3 ,3a 10.4ab 6 . 8a 13.4ab
Atrazine 13.3ab 24 .5a 5.6a 10.3ab 1. 8bc 10 . 0b 6.9a 14 . 9a
Asulam - - 5.6a 12.7a 3 .2a 12 ,4a 4.4b 12.5b
Glyphosate 6 . 0c 13 .4d 3 . 9b 9 . 3ab 1.2c 2 . 9d 3 . 7b 8 .5c
Pendimethalin 14 .3a 23.2ab 5 . 6a 9 . 5ab 2 . 5ab 6 . 8c 6 . 4a 13,2ab
Metribuzin 12.4ab 20.lab 4 . 8ab 10.5ab 1. 7bc 10.4ab 6 .4a 13.7ab
Terbacil 7.6c 12 . 7d 2 .3b 7. 9b 1. 7bc 3 . 2d 5 . 0b 7 . 9c
aEach value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment, or the combined analysis, 




in Exp. 2. The only reduction in shoot dry weight in SFS was 
recorded for terbacil-treated plants in clay loam soil (Table 
21). Possible increases in disease severity associated with 
herbicide application were indicated by the reductions in 
shoot weight for glyphosate-treated plants in nonsterile clay 
loam soil (Table 21) and glyphosate and terbacil treated- 
plants in SFS+Pa (Table 23) in the absence of growth 
reductions for plants in the corresponding SFS.
The combined analyses indicated pendimethalin had no 
effect on shoot dry weight in nonsterile field soils, SFS+Pa, 
or SFS (Tables 21, 22, and 23) . However, individual experiment 
analyses revealed some variable effects. Pendimethalin reduced 
shoot dry weight in steam-treated clay loam soil in Exps. 2 
and 3 (Table 21) and in steam-treated soil infested with P. 
arrhenomanes (Table 23) . In contrast, shoot weight was 
increased in steam-treated clay loam soil in Exp. 1 (Table 21) 
and SFS+Pa and SFS in Exp.l (Table 23).
Metribuzin did not reduce shoot dry weight in nonsterile 
or steam-treated soil of any type in the combined analyses. 
Metribuzin increased shoot weight in silt loam soil in Exp. 2 
(Table 22). In Exp. 3, a decrease in shoot weight in SFS+Pa, 
without any detrimental effect in SFS, suggested a possible 
increase in disease severity in herbicide-treated plants.
Atrazine did not reduce shoot dry weight in any soil type 
in the combined analyses (Tables 21, 22, and 23) . Shoot weight 
was increased in SFS of all three types and in silt loam soil
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in Exp. 2. An increase in disease severity was suggested by 
the decrease in shoot weight in SFS+Pa but not SFS in Exp. 3 
(Table 23).
The combined analyses suggested that asulam had 
detrimental effects on shoot dry weight (Tables 21, 22, and
23). However, the individual experiment analyses demonstrate 
that asulam did not affect shoot dry weight, irrespective of 
soil type.
Effect of herbicides on shoot production. In the combined 
analyses, terbacil reduced shoot number per plant in FS and 
SFS of clay loam soil (Table 24) but only in SFS of silt loam 
soil (Table 25). Shoot number was not reduced in SFS+Pa (Table
26)
Glyphosate had variable effects on shoot number in the 
combined analyses for different soil types. Shoot number was 
increased for treated plants in clay loam FS and SFS (Table
24) but unaffected in silt loam soil, SFS+Pa, and their 
corresponding SFS (Tables 25 and 26). Variable effects of 
glyphosate treatment also were evident in the individual 
experiment analyses. Shoot number was reduced in the 
glyphosate treatment in FS but not in SFS for both clay loam 
(Table 24) and silt loam (Table 25) soils in Exp. 2, in SFS+Pa 
but not SFS in Exp. 3 (Table 26), and in SFS of silt loam soil 
in Exp. 3. Shoot number was higher or unchanged for 
glyphosate-treated plants in the other experiments.
TABLE 24. Effect of different herbicides on production of shoots in sugarcane
(CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Shoot number per plant3
Treatment
Exp. 1 Ex d  . 2 Ex p  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 4 .4b 5.8b 3.8a 6 . 4a 2 . 4bc 3 . 2bc 3 .5b 5 . lb
Atrazine 5.0b 7.2a 3 .6a 6.8a 3 .4b 4 . 8a 4 . Oab 6 . 3a
Asulam - - 4 .2a 6.6a 3 . Ob 4.6a 3.6b 5 . 6ab
Glyphosate 7.8a 7.2a 1.2b 6.2a 5. 0a 4 . 6a 4 . 7a 6 . 0a
Pendimethalin 4 .2b 6. 2ab 3 . 8a 3 ,4b 3 . Ob 2 . 8c 3 . 7b 4 . lc
Metribuzin 4 . 6b 6. 2ab 3 ,2a 6.2a 3 .4b 4. 2ab 3 . 7b 5. 5ab
Terbacil 2 . 0c 3 . 8c 3 . 6a 4 .4b 1 .4c 1. 6d 2.3c 3 .2d
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis
and within FS or SFS were not different (P>0.05) from each other.
TABLE 25. Effect of different herbicides on production of shoots in sugarcane
(CP 70-321) grown in a Commerce silt loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis_______________________
Shoot number per planta
Treatment
Exp. 1 Exp. 2 Exp. 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 4 .4b 6.2a 2.6b 7 ,4a 1.6cde 4. 8ab 2 . 9c 6 . la
Atrazine 6 .2a 6 . 6a 4 . 4a 7.2a 3 . 6a 4 . Oab 4 . 7a 5 . 9a
Asulam - - 4 .4a 7. 8a 2.2bcd 3 . 2cd 3 . 3bc 5 . 5ab
Glyphosate 6.8a 7. 0a 1.6c 7.5a 1. Oe 3 . 2cd 3 . lbc 5 . 8ab
Pendimethalin 3.8b 6 . 8a 2.8b 7 ,0a 2.6abc 3 . 8bc 3 . lbc 5 . 9a
Metribuzin 4 . Ob 6 . 0a 4 . 0a 7.2a 2 . 8ab 5. 0a 3 .6b 6. la
Terbacil 4 .2b 5. 6a 2.6b 7. 4a 1. 2de 2 . 6d 2 . 7c 5 .2b
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 26. Effect of different herbicides on shoot production of sugarcane (CP 70-
321) grown in a steam-treated field soil (SFS) and Pythium arrhenomanes-infested
steam-treated field soil (SFS+Pa) in individual experiments and a combined analysis
Treatment
Number of shoots Der Dlanta
Ex d  . 1 Ex d  . 2 Ex d . 3 Combined
SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS
No herbicide 3 . 2cd 6 . 0c 4 . 8ab 7.4a 1.9a 3 . 2bc 3 .3a 5 . 3c
Atrazine 4 . 6ab 7. 2ab 2 . 8cd 7.2a 2 . 0a 4 . 8a 2 . 8a 6 .4a
Asulam - - 4 . 5ab 7.8a 1. Ob 4 . 6a 3 ,3a 6. 2ab
Glyphosate 5 . 6a 8.2a 3.2bcd 7.5a 1.2b 4 . 6a 3 .3a 6. 7a
Pendimethalin 3 . 2cd 6 . 2bc 1. 6d 7. 0a 1. Ob 2 . 8c 1.9b 5.3c
Metribuzin 3 . 8bc 5 . 8c 3.8abc 7.2a 1. Ob 4 . 2ab 2 . 8a 5 . 7bc
Terbacil 2 . 4d 4 .6c 5 .4a 7 .4a 1. Ob 1. 6d 0 . 9a 5 . 2bc
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within SFS+Pa or SFS were not different (P>0.05) from each other.
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Pendimethalin decreased shoot number in steam-treated but 
not in nonsterile clay loam soil (Table 24), but it had no 
effect in nonsterile or steam-treated silt loam (Table 25) . 
However, shoot number for treated plants was reduced in SFS+Pa 
but not (Table 26) . Variable results occurred in Exp. 1 in 
clay loam soil and SFS+Pa.
In the combined analyses, atrazine, asulam, and 
metribuzin had no effect on shoot number in FS or SFS+Pa and 
SFS (Table 24, 25, and 26) . However, each reduced shoot number 
in SFS+Pa but not in SFS in one individual experiment (Table 
26) .
Effect of herbicides on lateral root rot. The combined 
analyses indicated that terbacil and glyphosate reduced the 
amount of lateral roots in FS and SFS of both clay loam (Table
27) and silt loam soils (Table 28). Glyphosate also reduced 
the amount of lateral roots in P. arrhenomanes-infested SFS 
(Table 29) . Lateral root development was adversely affected by 
glyphosate and terbacil treatment for plants grown in SFS of 
all types (Table 28 and 29) . However, glyphosate increased 
lateral root rot in silt loam soil and SFS+Pa without 
affecting lateral root development in SFS in Exp. 2 (Tables 28 
and 29), suggesting root rot severity was increased in treated 
plants.
The effects of pendimethalin were more variable. The 
amount of lateral roots were reduced in clay loam soil, 
SFS+Pa, and corresponding SFS (Tables 27 and 29). However,
TABLE 27. Effect of different herbicides on lateral root system reduction of sugarcane
(CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis___________________________
Treatment
Lateral root system reduction (%)a
Ex d . 1 Ex d . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 38c Ob 3 Ode 0c 3 8bcd 0c 35c 0c
Atrazine 3 Od Ob 25e 0c 25e 0c 30d 0c
Asulam - - 31cde 0c 3 6cde 0c 33c 0c
Glyphosate 72a 10a 44b 8b 49ab 25c 55a 14b
Pendimethalin 28de Ob 60a 8b 46abc 35a 45b 14b
Metribuzin 23e Ob 3 8bcd 0c 33cde 0c 31cd 0c
Terbacil 65b 10a 4 lbc 13a 55a 3 0b 53a 18a
a Each value within an individual experiment represents a mean of five replicates. 
Means followed by the same letter within an experiment, or the combined analysis, 




TABLE 28. Effect of different herbicides on lateral root system reduction of sugarcane
(CP 70-321) grown in a Commerce silt loam field soil (FS) and steam-treated field
soil (SFS) in individual experiments and a combined analysis___________________________
Treatment
Lateral root system reduction (%)a
Ex d  . 1 Ex d  . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 20c 0b 33bc 0b 44bc 0c 32cd 0d
Atrazine 20c 0b 23cd 0b 33c 0c 25d Od
Asulam - - 18d 0b 46b 15b 32cd 8c
Glyphosate 54a 13a 54a 0b 60a 2 0b 56a 26a
Pendimethalin 33bc 0b 33b 5a 4 6b 15b 38c 7c
Metribuzin 3 8bc 0b 3 8bc 0b 44bc 0c 31cd Od
Terbacil 44ab 10a 3 8b 5a 52ab 23b 45b 13b
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 29. Effect of different herbicides on lateral root system reduction of sugarcane
(CP 70-321) grown in a steam-treated field soil (SFS) and P. arrhenomanes-infested
steam-treated field soil (SFS+Pa) in individual experiments and a combined analysis
Treatment
Lateral root svstem reduction (%)a
Ex d . 1 Exd . 2 Ex d . 3 Combined
SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS
No herbicide 43ab 0 52c 0 49c 0 4 8b 0c
Atrazine 28c 0 52c 0 67b 0 49b 0c
Asulam - - 52c 0 45c 0 4 9b 0c
Glyphosate 57a 8 65b 0 77a 25a 65a 12a
Pendimethalin 33bc 0 77a 0 77a 20b 62a 7b
Metribuzin 38bc 0 31d 0 77a 0 52b 0c
Terbacil 41b 0 41d 0 77a 2 0b 53b 7b
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
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in clay loam soil, lateral root rot was less severe for 
treated plants in Exp. 1 and the same as for nontreated plants 
in Exp. 3. (Table 27).
In the combined analyses, asulam, atrazine, and 
metribuzin generally had no effect on lateral root rot or 
lateral root development in SFS (Tables 27, 28, and 29) .
The exception was that atrazine reduced lateral root rot in 
nonsterile clay loam soil (Table 27). More variable results 
were evident in the individual experiment analyses. Lateral 
root rot also was reduced for plants treated with asulam in 
silt loam soil in Exp. 2 (Table 28) and metribuzin in clay 
loam soil in Exp 1. In contrast, atrazine and metribuzin 
increased lateral root rot in SFS+Pa without afecting lateral 
root development in SFS in Exp. 3 (Table 29).
Effect of herbicides on root system discoloration. 
Glyphosate and terbacil always increased root system 
discoloration due to root rot in both soil types and SFS+Pa 
(Tables 30, 31, and 32) . In addition, metribuzin increased
root discoloration in SFS+Pa (Table 32).
The combined analyses indicated that other herbicides had 
no effect on root discoloration due to root rot (Tables 30, 
31, and 32). However, some variable results were evident in 
the individual experiment analyses. Atrazine and asulam 
decreased the extent of root discoloration in clay loam soil 
in Exp. 2 (Table 30), but atrazine increased root 
discoloration in P. arrhenomanes-infested soil in Exp. 3 
(Table 32).
TABLE 30. Effect of different herbicides on root system discoloration due to root
rot of sugarcane (CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-
treated field soil (SFS) in individual experiments and a combined analysis___________
Treatment
Root svstem discoloration (%)a
Ex d  . 1 Ex d  . 2 Ex d . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 23b 0 35c 0 25c 0 28c 0
Atrazine 23b 0 18d 0 25c 0 22c 0
Asulam - - 23d 0 23c 0 23c 0
Glyphosate 70a 0 65a 0 60a 0 65a 0
Pendimethalin 25b 0 59ab 0 4 9b 0 45b 0
Metribuzin 2 0b 0 35c 0 25c 0 30c 0
Terbacil 65a 0 52b 0 65a 0 61a 0
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 31. Effect of different herbicides on root system discoloration due to
root rot of sugarcane (CP 70-321) grown in a Commerce silt loam field soil (FS)
and steam-treated field soil (SFS) in individual experiments and a combined analysis
Treatment
Root svstem discoloration (%)a
EXP. 1 Ex d  . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 25b 0 2 0b 0 41b 0 29c 0
Atrazine 23b 0 20b 0 38b 0 27c 0
Asulam - - 20b 0 46b 0 33cd 0
Glyphosate 65a 0 63a 0 62a 0 63a 0
Pendimethalin 36b 0 28b 0 46b 0 37c 0
Metribuzin 26b 0 35b 0 33b 0 26d 0
Terbacil 62a 0 3 5b 0 62a 0 53b 0
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 32. Effect of different herbicides on root system discoloration due to root 
rot of sugarcane (CP 70-321) grown in a steam-treated field soil (SFS) and Pythium 
arrhenomanes-infested steam-treated field soil (SFS+Pa) in individual experiments 
and a combined analysis________________________________________________________________
Treatment
Root svstem discoloration (%)a
Exp. 1 Exp., 2 Exp. 3 Combined
SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS SFS+Pa SFS
No herbicide 36b 0 52b 0 49c 0 46c 0
Atrazine 28b 0 52b 0 67b 0 49c 0
Asulam - - 52b 0 45c 0 49c 0
Glyphosate 70a 0 70a 0 72ab 0 70a 0
Pendimethalin 33b 0 65a 0 77a 0 58b 0
Metribuzin 38b 0 65a 0 77a 0 6 0b 0
Terbacil 60a 0 67a 0 77a 0 68a 0
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within SFS+Pa or SFS were not different (P>0.05) from each other.
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Effect of herbicides on root colonization by P. 
arrhenomanes. Herbicide treatments did not affect the degree 
of root colonization by P. arrhenomanes in clay loam or silt 
loam soils (Tables 3 3 and 34). The single exception was that 
glyphosate reduced root colonization in both field soils in 
Exp. 1 (Tables 33 and 34) . In the combined analyses, 
pendimethalin reduced root colonization in SFS+Pa (Table 35), 
but this reduction only occurred in Exp. 3. Metribuzin reduced 
P. arrhenomanes colonization in SFS+Pa in Exp. 1 (Table 35).
The extent of root colonization by P. arrhenomanes in the 
field soils ranged from 12 to 32% (Tables 33 and 34) ; 
although, the percentage of root length colonized by all 
Pythium spp. ranged between 68-90% (data not shown). In P. 
arrhenomanes-infested SFS, percent root colonization was 
higher and ranged from 53 to 90% (Table 35).
Effect of herbicides on rate of mycelial growth of P. 
arrhenomanes. The mycelial growth rate in culture of P. 
arrhenomanes was negatively correlated with increasing 
concentration of four herbicides: asulam, atrazine,
pendimethalin, and metribuzin. R2 values were 0.53, 0.69,
0.86, and 0.39 respectively. However, asulam and metribuzin 
had only minor effects on mycelial growth rate. The actual, 
recorded growth rates for P. arrhenomanes at a concentration 
equivalent to the label rate for each of these herbicides were 
not reduced at all in comparison to the growth rates in the
TABLE 33. Effect of different herbicides on root colonization by Pythium arrhenomanes
of sugarcane (CP 70-321) grown in a Commerce clay loam field soil (FS) and steam-
treated field soil (SFS) in individual experiments and a combined analysis___________
Treatment
Root colonization bv P. arrhenomanes (%)a
Ex d . 1 Ex d . 2 Ex d . 3 Combined
FS SFS FS SFS FS SFS FS SFS
No herbicide 32a 0 19a 0 22a 0 24a 0
Atrazine 25ab 0 18a 0 17a 0 20a 0
Asulam - - 20a 0 19a 0 19a 0
Glyphosate 18b 0 19a 0 18a 0 18a 0
Pendimethalin 22ab 0 19a 0 18a 0 20a 0
Metribuzin 24ab 0 19a 0 18a 0 20a 0
Terbacil 2 lab 0 19a 0 18a 0 19a 0
a Each value within an individual experiment represents a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 34. Effects of different herbicides on root colonization by Pythium 
arrhenomanes of sugarcane (CP 70-321) grown in a Commerce silt loam field soil 
(FS) and steam-treated field soil (SFS) in individual experiments and a 
combined analysis__________________________________________________________________
Root colonization by P. arrhenomanes (%)a
Treatment
Ex d . 1 Ex d  . 2 Ex d  . 3 Combined
FS SFS FS SFS FS SFS • FS SFS
No herbicide 20a 0 15a 0 18a 0 18a 0
Atrazine 19ab 0 18a 0 15a 0 18a 0
Asulam - - 18a 0 17a 0 16a 0
Glyphosate 12b 0 18a 0 14a 0 15a 0
Pendimethalin 20a 0 15a 0 15a 0 17a 0
Metribuzin 17ab 0 16a 0 14a 0 16a 0
Terbacil 14 ab 0 14a 0 15a 0 14a 0
a Each value within an individual experiment represent a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
TABLE 35. Effect of different herbicides on root colonization by Pythium 
arrhenomanes of sugarcane (CP 70-3 21) grown in a steam-treated field soil (SFS) 
and P. arrhenomanes-infested, steam-treated soil (SFS+Pa) in individual
experiments and a combined analysis__________________________________________________
________________ Root colonization by P. arrhenomanes (%)a___________
Exp. 1____  Exp . 2_____  Exp. 3_____  Combined_____
Treatment_______ SFS+Pa SFS_______ SFS+Pa SFS______ SFS+Pa SFS______ SFS+Pa SFS
No herbicide 85a 0 90a 0 76ab 0 84ab 0
Atrazine 80ab 0 90a 0 6 9b 0 80bc 0
Asulam - - 90a 0 90a 0 90a 0
Glyphosate 79ab 0 90a 0 75ab 0 84ab 0
Pendimethalin 85a 0 90a 0 53c 0 76c 0
Metribuzin 66b 0 90a 0 76ab 0 77bc 0
Terbacil 78ab 0 90a 0 75ab 0 81bc 0
a Each value within an individual experiment represent a mean of five replicates.
Means followed by the same letter within an experiment, or the combined analysis,
and within FS or SFS were not different (P>0.05) from each other.
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absence of herbicide (Table 36), and reductions of only 6% and 
7% occured at herbicide concentration five times the 
recommended rate for the asulam and metribuzin treatments, 
respectively. Atrazine, at concentrations equivalent to the 
label rate and five times the label rate, decreased mycelial 
growth 12 and 25%, respectively (Table 36). Pendimethalin had 
the greatest inhibitory effect. Mycelial growth rate was 
reduced 4 9% at a herbicide concentration equivalent to the 
label rate, and growth was almost completely inhibited when 
the herbicide concentration was increased five-fold (Table 
36) .
DISCUSSION
Asulam, atrazine, and metribuzin, applied at recommended 
rates, did not adversely affect sugarcane root and shoot 
growth or increase disease severity for plants grown in 
nonsterile or steam-treated field soil of either type compared 
with plants in control treatments to which no herbicide was 
applied. In addition, plant growth was generally not reduced 
by application of these herbicides in steam-treated soil 
infested with P. arrhenomanes.
Field experiments demonstrated that asulam can be 
phytotoxic to some sugarcane cultivars (Bruff and Griffin, 
1994) . Phytotoxicity symptoms were not observed in asulam- 
treated plants in this study. However, CP 70-321, the cultivar 
used in this study, was the least affected cultivar in the 
field experiments.
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TABLE 36. Effect of different herbicides on mycelial growth
of Pvthium arrhenomanes in corn meal agar___________________
Mvcelial crrowth rate (cm/24 h)a
Herbicide RO R1 R2 R3 R4 R5
Asulam 5.28 5.40 5 .26 5 .01 4 . 96 4 . 90
Atrazine 5.28 4 . 65 4 . 91 4 . 80 4 .15 3 . 98
Glyphosate 5 . 28 5.36 5.23 5.23 5.26 5 .21
Pendimethalin 5.28 2 . 71 1. 55 0 . 71 0 .15 0 . 03
Metribuzin 5.28 5.36 5.21 5 . 06 4 . 93 4 . 91
Terbacil 5.28 5 .15 5 .16 5 .16 5.28 5.21
aEach value represents a mean of six replicates. Corn meal 
agar was amended with herbicides to provide concentrations 
equivalent to multiples of the recommended application rate 
for each. R0= no herbicide, Rl= recommended rate, R2= double 
the recommended rate, 3=triple the recommended rate, R4= 
four times the recommended rate, and R5= five times the 
recommended rate for each herbicide.
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Atrazine inhibited mycelial growth of P. arrhenomanes in 
vitro at the label rate. However, root colonization by P.
arrhenomanes was unaffected by atrazine treatment in field
soils and steam-treated soil infested with the pathogen. Root 
rot severity was greater and growth of treated plants reduced 
compared to untreated plants in the steam-treated soil
infested with P. arrhenomanes in one of three experiments. 
These results suggest the inhibition of mycelial growth 
observed in vitro did not affect root rot development in
sugarcane plants.
Asulam and atrazine applications to plants growing in 
Pythium-infested field soils sometimes resulted in increased 
root and shoot growth. However, root rot symptom severity was 
not reduced, and growth increases also occurred in treated 
plants growing in steam-treated soils. A previous study (Wu et 
al., 1972) showed application of triazine herbicides, such as 
atrazine had beneficial effects on growth resulting in 
increased root and shoot growth of pea and sweet corn. The 
mechanism of stimulation was shown to be an increase in 
activity of nitrate reductase and transaminase, enzymes 
related to protein synthesis (Ries et al., 1967).
The in vitro study results indicated a strong 
inhibitory effect of pendimethalin on mycelial growth of P. 
arrhenomanes. However, growth of plants in nonsterile field 
soil and steam-treated soil infested with P. arrhenomanes was 
either unaffected or reduced. The length of root colonized by
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P. arrhenomanes was reduced for herbicide-treated plants in 
only one experiment with P. arrhenomanes-infested SFS, and 
root rot severity was increased rather than decreased.
The results of this investigation are in contrast to 
results of some previous dinitroaniline herbicide/soilborne 
disease interaction studies. Dinitroaniline herbicides were 
shown to have suppressive effects on pea root rot caused by 
Aphanomyces euteiches (Teasdale et al., 1979). The mechanism 
of suppression was described as inhibition of motile zoospore 
production. In addition, dinitroaniline herbicides applied to 
soil or leaves caused a 40-98% reduction in infection of 
tomato seedlings by the vascular wilt pathogen, Fusarium 
oxysporum f. sp. lycopersici (Grinstein et al., 1984).
The adverse effects of pendimethalin on sugarcane growth 
in the present study could be attributed to both direct injury 
and to an interaction with Pythium root rot. The production of 
short, stubby roots with no laterals in place of normal 
primary roots with many laterals could adversely affect growth 
parameters, but pedimethalin treatment had erratic effects on 
plant growth parameters in steam-treated soil. Decreases in 
plant growth were observed in Pythium-infested soils in 
association with increases in root rot symptom severity, and 
sometimes these effects occurred without any effect of 
herbicide treatment on plants in steam-treated soil. These 
results suggest that pendimethalin can decrease sugarcane 
growth by increasing the severity of root rot.
Glyphosate is generally not used as a herbicide in 
sugarcane but rather as a ripener to increase sugar content 
during the early harvest season (Dusky et al. , 1986).
Glyphosate is absorbed through foliar tissues and readily 
translocated to underground plant tissues (Sprankle et al., 
1975a). In this investigation, glyphosate treatment reduced 
root and shoot growth in both soil types and steam-treated 
soil infested with P. arrhenomanes. The detrimental effects 
were least common in silt loam soil. Phytotoxicity often 
caused plant growth reductions in steam-treated soils. In 
Pythium-infested soils, it was difficult to distinguish growth 
reductions caused by root rot from those caused by direct 
herbicide injury. As well, it was impossible to determine if 
the amount of direct injury was the same for treated plants in 
steam-treated or nonsterile field soil. However, disease 
symptom severity was always increased in nonsterile field 
soils and P. arrhenomanes-infested steamed soil, and the 
growth reductions observed for treated plants did not occur in 
steam-treated soil, in some cases. This suggests that 
glyphosate can reduce sugarcane growth by increasing the 
severity of root rot.
A previous report indicated that glyphosate application 
caused injury and death of Italian ryegrass (Lolium 
multiflorum) due to increased Pythium root rot (Kawate and 
Appleby, 1987). In addition, sublethal doses of glyphosate
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inhibited the expression of resistance in soybean to 
Phytophthora megasperma f. sp. glyceniae (Keen et al. , 1982), 
in bean to Colletotrichum lindemuthianum (Johal and Rahe, 
1990), and in tomato to Fusarium spp. (Brammal and Higgins, 
1988) .
The effects of terbacil were similar to those caused by 
glyphosate. Terbacil reduced root and shoot growth in 
nonsterile soils and steam-treated soil infested with P. 
arrhenomanes. However, phytotoxicity caused growth reductions 
in plants grown in steam-treated soils. The direct plant 
injury caused by terbacil in steam-treated soil again made it 
hard to determine the relative amount of damage in Pythium- 
infested soils due to direct injury or an interaction between 
herbicide, sugarcane, and pathogen resulting in increased 
disease severity. As with glyphosate, plant growth reductions 
in nonsterile soil were associated with increased disease 
symptom severity, and in one experiment with P. arrhenomanes- 
infested soil, no growth reductions occurred in plants in 
steam-treated soil. These results suggest that terbacil also 
is capable of decreasing sugarcane growth by increasing root 
rot severity. Sugarcane injury resulting from terbacil 
treatment has been documented to occur when the crop was grown 
on silt loam soil (Millholon, 1976).
The results of this investigation indicate that 
herbicides have variable effects on sugarcane growth, P. 
arrhenomanes, and the severity of Pythium root rot. Herbicides
that inhibited mycelial growth of P. arrhenomanes in vitro did 
not reduce root rot severity. Application of herbicides that 
were not phytotoxic to sugarcane resulted in increased root 
rot severity and reduced plant growth, in some cases. The 
conditions under which asulox, atrazine, or metribuzin might 
cause beneficial or detrimental effects on sugarcane were not 
determined. Application of the herbicides that were phytotoxic 
to sugarcane, glyphosate, pendimethalin, and terbacil, 
resulted in increased root rot severity, but it was uncertain 
to what extent plant growth reductions were due to enhanced 
disease severity or direct injury by herbicides. Pendimethalin 
and terbacil applied during fall and early spring may induce 
plant stress and thereby increase the occurrence and severity 
of Pythium root rot. Glyphosate, used as a ripener in late 
summer, can cause direct injury and stress, thereby 
predisposing plants to root rot under disease conducive 
conditions. This could affect stubble survival during winter 
and ratoon growth the following spring.
The indirect effects of herbicides on crop plants and 
soilborne diseases are often not considered. The situation 
with the herbicides currently used in sugarcane is that the 
potential exists to have increased root rot severity in 
herbicide-treated plants. The results of the present study 
indicate the importance of observations on root health in 
herbicide evaluation trials. It would be relevant to make 
observations of root injury and root rot particularly when
plants show herbicide injury above ground. Conversely, 
herbicides that result in growth and yield increases should be 
studied to determine their possible effects on soilborne 
pathogens and diseases.
CHAPTER V
EVALUATION OF WEEDS AS ALTERNATIVE HOSTS OF THE SUGARCANE 




Pythium arrhenomanes Drechs. is the causal agent of root 
rot of sugarcane (interspecific-hybrids of Saccharum L.)
(Edgerton et. al. , 1934; Hoy and Schneider, 1988a; Rands and 
Dopp, 1938) and numerous other crops in the Poaceae, such as 
barley, corn, rice, sorghum, and wheat (Johnson, 1952; Pillay, 
et al. , 1986; Vanterpool and Sprague, 1942; Wagner, 1936) . It 
also has been isolated from grass species native to the north 
central plains of North America (Sprague, 1946; Vanterpool and 
Sprage, 1942) .
Knowledge concerning the epidemiology of Pythium root 
rot of sugarcane is limited. The mechanisms by which P. 
arrhenomanes persists in soil are uncertain. The oospore, 
which results from meiosis, is a long-term survival structure 
for most species in the genus Pythium. However, P. 
arrhenomanes is difficult to isolate from soil (J. W. Hoy, 
unpublished data). In culture, most oospores formed by P. 
arrhenomanes abort. However, successful oospore formation may 
be more common in natural substrates, such as infected roots. 
Infected roots of alternative hosts are another possible means 
of persistence and source of inoculum, especially for the 
plant cane (first year) crop of sugarcane grown following a 
spring and a summer fallow period.
Weeds serve as potential inoculum reservoirs for several 
plant pathogens in the absence of a susceptible economic crop, 
including pigweed (Amaranthus retroflexus L.) for Rhizoctonia
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solani (Boosalis and Scharen, 1960); velvetleaf (Abutilon 
theophrasti Medik) for three fungal parasites of soybean 
(Hepperly et al. , 1980); and tall morningglory (Ipomea
purpurea L. (Roth.)), hemp sesbania (Sesbania exaltata (Raf.) 
Rydb. ex. A. W. Hill), and prickly sida (Sida spinosa) for the 
soybean stem canker pathogen, Diaporthe phaseolorum var. 
caulivora (Padgett et al., 1992).
Both annual and perennial grasses are common in sugarcane 
fields in Louisiana, and their role as alternative hosts of 
P. arrhenomanes has not been investigated. The objectives of 
these studies were to evaluate grass weeds prevalent in 
sugarcane fields as possible hosts for P. arrhenomanes and to 
evaluate their potential importance in the epidemiology of 
sugarcane root rot.
MATERIALS AND METHODS 
Several grasses and one sedge were selected to study the 
effects of Pythium root rot on plant growth, the severity of 
root rot symptoms, and the extent of root colonization by P. 
arrhenomanes. In the greenhouse, growth of plants in steam- 
sterilized field soil (steam-treated 24 h) was compared to 
growth of plants in steam-treated field soil infested with P. 
arrhenomanes (pathogenicity test) or in nonsterile field soil. 
In addition, Pythium was isolated from roots of weeds 
collected from sugarcane fields.
Greenhouse pathogenicity tests. A pathogenicity test was 
conducted in Spring, 1993. Seeds of 10 weed species:
barnyardgrass (Echinochloa crus-galli L. Beauv.), bermudagrass 
(Cynodon dactylon L. Pers.) , browntop panicum (Brachiaria 
ramosa L. Stapf), broadleaf signalgrass (Brachiaria 
platyphylla (Griseb) Nash), large crabgrass (Digitaria 
sanguinalis L. Scopo.), goosegrass (Eleucine indica L. 
Gaertn.), itchgrass {Rottboellia cochinchinensis (Lour.) W. D. 
Clayton), johnsongrass (Sorghum halepense L. Pers.), Italian 
ryegrass (Lolium multiflorum Lam.), and purple nutsedge 
(Cyperus rotunda L.) were germinated and grown in sterile 
sand:soil mixture (1:1, v:v) until the first true leaves began 
to emerge. Seedlings were then transplanted to 7.5-cm- 
diameter, sterilized clay pots containing either steam-treated 
soil (SFS) or SFS-infested with P. arrhenomanes inoculum. 
Inoculum of P. arrhenomanes, isolate 230, was prepared by a 
modification of a method previously described (Wilcox and 
Mircetich, 1985) in which 450 cc of vermiculite, 20 cc of 
whole oat seeds, and 350 ml of V-8 juice mixture (200 ml of V- 
8 vegetable cocktail juice, 800 ml of water, and 2 g of CaCo3) 
were autoclaved in a 900 ml canning jar for two consecutive 
days. Each jar was then inoculated with eight agar plugs 
containing actively-growing mycelium of P. arrhenomanes, and 
the fungus was allowed to colonize the substrate for 2 wk at 
room temperature. The inoculum was then placed in cheesecloth, 
thoroughly rinsed with water, and mixed with steam-treated 
soil:sand mixture (1:1, v/v) at a rate of approximately 20 cc 
per 1000 cc of soil/sand mixture. Pots were arranged on a
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greenhouse bench in a completely randomized design with six 
replications. Plants were grown for 8 wk in the greenhouse at 
temperatures■ ranging between 22 and 28 C. A 20-20-20 (NPK) 
water-soluble fertilizer (3.95 g/L) was applied at 10-14 day 
intervals at a rate of 25 ml/pot.
Plant growth and root rot were evaluated after 8 wk. All 
plants were removed from pots, and root systems were gently 
washed free of soil. Measurements taken for each plant were 
total number of shoots and/or stolons, maximum height or 
length of shoots and/or stolons, number of primary roots, and 
root length. In addition, the root system of each plant was 
evaluated by subjective visual ratings for the amount of 
lateral roots and root system discoloration caused by Pythium 
root rot. Visual ratings were made on a scale of 1-4 in which: 
1= normal appearance, no discoloration or reduction of lateral 
roots compared to plants grown in steam-treated soil; 1.5= 
very mild disease, up to 10% of the root system discolored or 
reduction in lateral roots; 2= mild disease, up to 25% of the 
root system discolored with symptoms or lateral root system 
reduction; 2.5= moderate disease, >25% to 50% of the root 
system discolored with symptoms or reduction in lateral roots; 
3= severe disease, >50% to 75% of the root system discolored 
or lateral root system reduction; 3.5= very severe disease, 
75% to 90% of the root system discolored or reduction in 
lateral roots; and 4= dead roots, >90% of the root system 
discolored and no lateral roots due to root rot.
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The percent root length colonized by Pythium was 
estimated by plating six randomly-selected, 5-cm lengths of 
root per plant (180 cm per weed species). The root segments 
from each plant were placed in a 125 ml Erlenmeyer flask with 
50 ml sterile distilled water on a shaker (75 rpm) for 2 h, 
and blotted-dry with paper towels. Root segments were placed 
in a 9-cm-diameter petri dish (three per plate) , and PVPS
Pythium-selective media (Mircetich and Matheron, 1976) (10 g
each of corn meal agar and agar autoclaved in 1 L of distilled 
water amended after cooling to 45 C with 3 00 mg vancomycin 
dissolved in 10 ml sterile water, 15 mg 
pentachloronitrobenzene dissolved in 95% EtOH, 0.4 ml of
pimaricin (10 mg ai) , and 300 mg of spectinomycin dissolved in 
10 ml of sterile water) was poured over roots until they were 
immersed. Plates were then incubated at room temperature.
The length of root segments from which Pythium mycelium 
was growing into the media was measured between 24-32 h after 
plating. An average of six isolates from each plate were
transferred to V8 media (200 ml V8 vegetable juice cocktail, 
800 ml of water, 15 g of water agar, pH 4.8, amended with 3 00 
ug of penicillin per liter) plates. After 24-48 h, six to 
eight agar plugs, 3-mm in diameter, containing actively 
growing Pythium mycelium, from each isolate were transferred 
into a 6-cm-diameter petri dish and flooded with 5 ml of 
filter-sterilized soil extract. After 2-3 days incubation at 
room temperature, each isolate was examined under a
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microscope, and P. arrhenomanes isolates were identified based 
on the characteristics of reproductive structures (Van der 
Plaats-Niterink, 1981). The experiment was repeated during 
Spring, 1995.
Field soil greenhouse experiments. Grass weeds used in 
the pathogenicity tests were grown in the greenhouse in 
Commerce silt loam soil collected from a sugarcane field at 
the St. Gabriel Branch Research Station of the Louisiana 
Agricultural Experiment Station, LA, in Iberville Parish 
during late Spring, 1994. Soil was sieved through a 1-cm-mesh 
screen and mixed with sterile sand to a final soil: sand ratio 
of 2:1 (v/v) . Half of the field soil mixture was left
unchanged (FS) , and the other half was steam-treated (SFS) for 
24 h. Barnyardgrass, bermudagrass, browntop panicum, broadleaf 
signalgrass, large crabgrass, goosegrass, itchgrass, 
johnsongrass, Italian ryegrass, and purple nutsedge were 
germinated and grown in sterile soil:sand mixture and then 
transplanted, as in the pathogenicity tests. Plant growth, 
root rot severity, and root colonization by P. arrhenomanes 
were then determined as in the pathogenicity tests. The 
experiment was repeated in Spring, 1995.
Root colonization by P. arrhenomanes in field-collected 
grass weeds. Colonization of roots of grass weeds by P. 
arrhenomanes was determined for weeds collected from multiple 
sugarcane fields at two locations: the St. Gabriel Research 
Station during October, 1994 and from St. John the Baptist
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Parish sugarcane fields during May, 1995. Roots of 
barnyardgrass, bermudagrass, broadleaf signalgrass, browntop 
panicum, large crabgrass, dallisgrass, goosegrass, and 
johnsongrass were collected, and the extent of root 
colonization by P. arrhenomanes under natural field conditions 
was determined.
Twelve to 20 plants of each species were collected from 
each location. Roots were gently washed free of soil and 
blotted-dry with paper towels, and the percent root length 
colonized by P. arrhenomanes was estimated by plating six 
randomly-selected, 5-cm-lengths of root per plant. The same 
isolation and species identification methods were used as in 
the greenhouse experiments.
Percentage value data: visual ratings on root disease 
variables converted to mid-point percentage values of the 
appropriate interval and percentages for root length colonized 
by P. arrhenomanes were arcsin transformed before statistical 
analysis. Data were subjected to analysis of variance for 
individual and combined experiments. Data for combined 
analyses are presented. Differences among treatment means were 
determined using Fisher's Protected Least Significant 
Difference (LSD) Test at the 5% level of probability.
RESULTS
Pathogenicity tests. All grass weeds and purple nutsedge 
became infected with P. arrhenomanes, and the combined 
analysis indicated that the number of shoots or stolons per
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plant was reduced for infected plants of each grass species 
(Table 37). The length of shoots or stolons also was lower for 
grass weeds, except brown top panicum, crabgrass and 
goosegrass (Table 37). The number of primary roots and their 
lengths were reduced for infected plants of all grass weeds, 
except brown top panicum, for which the number of primary 
roots was reduced but root length was not affected (Table 37).
The lateral root system was reduced by P. arrhenomanes 
infection for all grasses, except barnyardgrass (Table 38). 
Root discoloration symptoms were not evident in barnyardgrass 
and Italian ryegrass (Table 38). The other grass weeds 
exhibited mild to moderate symptom severity. The most severe 
symptoms were observed in johnsongrass and crabgrass (Table 
38) . The roots of purple nutsedge were colonized with P. 
arrhenomanes (Table 38). However, shoot and root growth were 
not affected (Table 37) , and root rot symptoms were not 
evident (Table 38) . The length of root colonized by P. 
arrhenomanes ranged from 32-85% for the different grass weeds 
(Table 38). The level of colonization was highest for 
johnsongrass'and itchgrass, whereas colonization of roots of 
Italian ryegrass was less than for the sedge (Table 38).
Plant growth and root rot severity in field soil. The 
combined analysis indicated that shoot and root growth of most 
grasses were adversely affected for plants grown in the 
greenhouse in field soil compared to plants grown in steam- 
treated field soil (Table 39). Shoot number and primary root
Table 37. Pathogenicity of Pvthium arrhenomanes to different weed species












Bermudagrass SFS 10 .4 68 .4 14 . 9 24 .4
SFS+Pa 3 . 9* 26 .4* 6.4* 11.0*
Broadleaf SFS 9.1- 34 . 8 20.6 23.1
signalgrass SFS+Pa 1.9* 18 . 0* 7.9* 8 . 1*
Browntop SFS 3.8 55.0 17.5 19.3
panicum SFS+Pa 1. 0* 47.0 10 . 1* 15 . 8
Barnyardgrass SFS 9.8 31.1 21.5 18 . 0
SFS+Pa 1.9* 18 . 8* 14.6* 12 . 0*
Large crabgrass SFS 6.8 33 . 8 15 . 9 21.4
SFS+Pa 1.7* 33 . 0 7.3* 9 . 1*
Goosegrass SFS 6.1 34 . 9 23 .5 19.7
SFS+Pa 2 . 0* 35.2 13 . 7* 12 .2*
Itchgrass SFS 2 . 6 35 . 9 5 . 8 18 . 6
SFS+Pa 1.4* 23 . 0* 2 . 9* 10 .4*
Johnsongrass SFS 5 . 8 68 . 6 26.7 31. 9
SFS+Pa 1.7* 38 .6* 7 . 9* 18 .2*
Italian SFS 11.0 43 . 8 7.4 17.3
ryegrass SFS+Pa 4.4* 36.4* 6 . 1* 14 . 7*
Purple SFS 1. 0 18 . 0 8 . 6 11.6
nutsedge SFS+Pa 1. 0 17.0 7.6 10.2
aSoil types included steam-■treated field soil (SFS) and SFS infested with
P. arrhenomanes inoculum (SFS+Pa). 
bEach value represents a mean of 12 replicates from two experiments. SFS+Pa 
means followed by * mark within a column and weed species were different 
(P<0.05) from the corresponding SFS mean for the same parameter.
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(%) bv P. arrhenomanes (%)
Bermudagrass SFS 0.0 0.0 0.0
SFS+Pa 29.9* 22. 0* 50.2*
Broadleaf - SFS 0 . 0 -0.0 0 . 0
signalgrass SFS+Pa 34 . 5* 22 . 1* 50.2*
Browntop SFS 0.0 0 . 0 0 . 0
panicum SFS+Pa 25 . 0* 25.0* 38 . 8*
Barnyardgrass SFS 0 . 0 0 . 0 0 . 0
SFS+Pa 6.5 6.5 66.8*
Large crabgrass SFS 0.0 0 . 0 0 . 0
SFS+Pa 41.7* 43 .7* 65 .3*
Goosegrass SFS 0 . 0 0 . 0 0 . 0
SFS+Pa 16 . 9* 21.9* 36.7
Itchgrass SFS 0 . 0 0 . 0 0 . 0
SFS+Pa 36 . 5* 33 .5* 81.4*
Johnsongrass SFS 0 . 0 0.0 0 . 0
SFS+Pa 50 . 7* 50 .0* 85 .4*
Italyan rye­ SFS 0.0 0 . 0 0.0
grass SFS+Pa 25 . 1* 0 . 0 31. 5*
Purple nutsedge SFS 0 . 0 0 . 0 0 . 0
SFS+Pa 0 . 0 0 . 0 43.2*
LSD(P=0.05)c 10.3 7.7 8.4
a Soil types included steam-treated field soil (SFS) and SFS infested with P. 
arrhenomanes inoculum.
b Each value represents a mean of 12 replicates from two experiments. Means 
followed by * within a column and weed species were different (P<0.05) 
from the corresponding SFS mean for the same parameter. 
c Means for different weeds growing in SFS+Pa were compared within root disease 
variables using Fisher's Protected Least Significant difference test.
TABLE 39. Root and shoot growth of weeds in sugarcane field soil in comparison to










root number root lencrth
Bermudagrass SFS 3.4 36.8 12.7 19.9
FS 2.3* 28.5* 6.1* ■ 12 . 1*
Broadleaf SFS 3.1 58 .3 12 . 9 25.1
signalgrass FS 1. 6* 31.8* 8.2* 13 . 9*
Browntop SFS 3.5 57 .4 17.7 22 . 8
panicum FS 1.5* 28.3* 11.7* 11.3*
Barnyardgrass SFS 3.7 27.3 14 . 9 16 .4
FS 1.9* 18 . 6* 8.5* 12.2*
Large crabgrass SFS 3.0 53 . 8 14 . 0 18.1
FS 1.7* 29 . 7* 8.2* 15.3*
Goosegrass SFS 3.5 45 . 0 21. 8 26 . 0
FS 2 . 8 24 .3* 10 .2* 18.2
Itchgrass SFS 1.0 58.3 7.4 16 . 8
FS 1.0 26.5* 3 . 9* 10 . 9*
Johnsongrass SFS 3.4 64 . 5 23 . 9 18 .1
FS 1.5* 39 . 1* 12 .0* 12 .3*
Italian rye­ SFS 4 . 0 36.2 8.4 9.3
grass FS 3 . 0 24 . 9* 4 .8* 7.6
a Soil types included steam-treated field soil (SFS) and nonsterile silt loam soil
collected from a sugar cane field. 
b Each value represents a mean of 12 replicates from two experiments. FS means 
followed by * within a column and weed species were different (P<0.05) from the 
the corresponding SFS mean for the same parameter.
136
length were not reduced for goosegrass plants in field soil. 
The amount of lateral roots was not reduced for broadleaf 
signalgrass, and root discoloration was not significant in 
bermudagrass, browntop panicum, large crabgrass, and Italian 
ryegrass plants grown in sugarcane field soil (Table 40) . 
Disease symptoms in weeds were generally mild, except in 
itchgrass and johnsongrass. Itchgrass exhibited a moderate 
reduction in lateral roots, and moderate to severe root rot 
symptoms were observed in johnsongrass (Table 40) .
Varying degrees of root colonization by P. arrhenomanes 
were detected for grass weeds grown in field soil (Table 40). 
Johnsongrass and itchgrass again exhibited the most extensive 
root colonization by P. arrhenomanes. The percent root length 
colonized by P. arrhenomanes was relatively low for all weeds 
tested compared to values observed in the pathogenicity tests. 
However, the percentage of root length colonized by total 
Pythium spp. were comparable to those values (Table 40).
Pythium infection of field-collected grass weeds. In 
general, roots of plants collected from sugarcane fields 
showed only minor amounts of necrosis. Typical root rot 
symptoms were only observed in johnsongrass roots. Cortical 
tissues of weed roots often were deteriorated and, in some 
instances, easily sloughed off.
The percentage of plants with roots colonized by Pythium 
spp. was high for all weeds collected from both locations
TABLE 40. Root disease variables of weeds grown in sugarcane field soil in comparison











Bermudagrass SFS 0.0 0 .0 0.0 0 . 0
FS 11.5* 2.2 36.0* • 14.3*
Broadleaf SFS 0.0 0 . 0 0 . 0 0.0
signalgrass FS 2.0 10.8* 49 . 8* 12 . 0*
Browntop SFS 0 . 0 0 . 0 0 . 0 0 . 0
panicum FS 9.8* 2.2 37.0* 7.5*
Barnyardgrass SFS 0 . 0 0.0 0.0 0 . 0
FS 15 . 0* 15 .0* 59.5* 11.4*
Large crabgrass SFS 0 . 0 0 . 0 0 . 0 0 . 0
FS 21. 0* 0 . 0 43 .5* 17.0*
Goosegrass SFS 0.0 0 . 0 0 . 0 0 . 0
FS 20 . 0* 11. 8* 27.1* 7.9*
Itchgrass SFS 0 . 0 0.0 0.0 0 . 0
FS 29 . 5* 12 . 9* 76 . 9* 21.4*
Johnsongrass SFS 0 . 0 0 . 0 0 . 0 0 . 0
FS 51. 9* 64 .4* 73 . 9* 29.7*
Italian rye­ SFS 0 . 0 0 . 0 0 . 0 0 . 0
grass FS 10 . 8* 0 . 0 21.2* 4 . 9*
LSD (P= 0 . 0 5) d 6 . 0 5.4 13 .3 6 . 9
a Soil types included steam-treated field soil (SFS) and field soil (FS). 
b Each value represents a mean of 12 replicates from two experiments.
Means followed by * within a column and weed species were different (P<0.05)
from the corresponding SFS mean for the same variable.
c The percentage of root length colonized by Pythium was estimated for total Pythium 
spp. and P. arrhenomanes (P. arrh.) 
d Means for different weeds growing in FS were compared within root disease variables
using Fisher's Protected Least Significant Difference Test.
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(Table 41). However, the percentage of plants colonized by P. 
arrhenomanes was variable among weeds (Table 41) . A high 
frequency of plant colonization by P. arrhenomanes was 
observed in johnsongrass, broadleaf signalgrass, and 
dallisgrass at both locations, whereas a low frequency of 
plant colonization by P. arrhenomanes was observed in large 
crabgrass and goosegrass (Table 41) . The means for root length 
colonized by P. arrhenomanes under field conditions were much 
lower than for root length colonized by all Pythium spp. 
(Table 41). Goosegrass had the lowest amount of root length 
colonized by all Pythium spp. Johnsongrass and crabgrass again 
had the highest and lowest P. arrhenomanes infection levels, 
respectively.
DISCUSSION
The results of the pathogenicity tests, experiments with 
plants grown in field soil in the greenhouse, and isolation 
from roots of grass weeds from sugarcane fields all indicate 
that the weeds evaluated are alternative hosts for P. 
arrhenomanes. This is similar to the situation reported in the 
northern great plains of North America (Sprague, 1946; 
Vanterpool and Sprague, 1942).
Pythium arrhenomanes has a wide host range within the 
Poaceae; however, plants from other families also have been 
reported to be hosts (Van der Plaats-Niterink, 1981). In the 
pathogenicity tests, purple nutsedge roots were colonized by 
P. arrhenomanes without any adverse effects on plant growth or
TABLE 41. Colonization by Pythium arrhenomanes of roots of different weed species 




























Bermudagrass 83 74 67 43 68 51 5 3
Broadleaf 90 84 73 58 49 69 7 4
signalgrass 
Browntop panicum 79 61 42 61 62 50 3 5
Barnyardgrass 82 79 78 69 62 52 4 3
Large crabgrass 90 90 0 37 67 71 0 1
Dallisgrass 90 90 70 79 76 63 7 5
Goosegrass 70 65 31 49 20 40 3 4
Johnsongrass 90 90 77 80 77 87 71 10
a Plants were collected from sugarcane fields at the St. Gabriel Branch Experiment 
Station during October, 1994, and St. John the Parish Baptist during May, 1995. 
Each data point is a mean of 12-20 plants per location for each weed species. 
b Values are the mean percentage of root length colonized by Pythium or P. 
arrhenomanes for 3 0 cm of roots from each plant.
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root rot symptoms. Results from artificial inoculations
performed in the greenhouse must be interpreted cautiously, 
nevertheless, these studies strongly suggest that purple
nutsedge may serve as a reservoir host for P. arrhenomanes.
Except for johnsongrass, weed species did not show or 
developed only mild root rot symptoms when grown in field
soil. One reason may be that the extent of root colonization
by P. arrhenomanes appears to be lower under natural 
conditions in field soil. However, lack of symptom development 
in most of the weeds species examined suggests a lower level 
of susceptibility to P. arrhenomanes than in sugarcane. 
Similar observations have been made with field and greenhouse 
experiments in soybean (Padgett et al. , 1992) . Many species of 
morningglory, leguminous weeds, prickly sida, and wild 
poinsettia were found to be alternative hosts for the soybean 
stem canker pathogen, Diaporthe phaseolorum var. caulivora. 
However, most species did not exhibit disease symptoms. 
Garrett (196 0) suggested that weeds are more likely to serve 
as symptomless carriers for root pathogens than are cultivated 
crops.
The P. arrhenomanes colonization levels in pathogenicity 
tests were higher than those of plants grown in field soil or 
in field-collected roots. Roots of plants grown in field soil 
are subject to infection and colonization by many other fungi, 
including different species of Pythium. The results suggest 
that root colonization by other Pythium species ia associated
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with reduced frequency and extent of colonization by P.
arrhenomanes. This observation agrees with a similar 
observation reported in sugarcane, where root colonization by 
a diverse Pythium population was associated with reduced 
infection and root rot caused by P. arrhenomanes ( Lee and 
Hoy, 1992) .
The percent root length colonized by P. arrhenomanes in 
field-collected grass weeds usually was low. However, the 
frequency of plants infected with P. arrhenomanes for all 
field-collected weeds was 55% for plants collected during the 
Fall and 60% for those collected during the Spring. The
frequency of colonization by P. arrhenomanes may vary
depending on many environmental and plant related factors, but 
the potential clearly exists for weed hosts to increase the 
amount of inoculum and to provide a means of persistence over 
time for P. arrhenomanes.
There was variation among weeds in incidence and extent 
of colonization by P. arrhenomanes. This variation could 
affect their importance as alternative hosts. Crabgrass,
goosegrass, and ryegrass showed lower levels of colonization 
than did johnsongrass and itchgrass. The abundance of these 
weeds and the fact they are favorable hosts for P. 
arrhenomanes suggest that johnsongrass and itchgrass could be 
important in the epidemiology of Pythium root rot.
In conclusion, the results of these investigations 
demonstrate that weeds serve as hosts of P. arrhenomanes in
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sugarcane fields. The grass hosts of P. arrhenomanes can play 
several roles in the epidemiology of sugarcane root rot, 
including serving as inoculum sources during the growing 
season and as means of persistence during the winter and 
fallow periods. The problem weeds of sugarcane in Louisiana, 
including johnsongrass, itchgrass, and bermudagrass, are also 






The roots of cultivated crops are subject to infection 
by soilborne plant pathogens; however, the effects of root 
diseases may go unnoticed unless the damage reaches a level 
that can be seen visually or realized through yield 
reductions. In many crops, a sharp response to soil 
fumigation provides an indication of the debilitating effect 
of soilborne pathogens.
The nature of damage incited by P. arrhenomanes, the 
organism causing root rot in sugarcane , fit this 
description. Under disease conducive cool, wet soil 
conditions, Pythium can damage the sugarcane root system, 
whereas vigorous growth during conditions favorable for plant 
growth will keep damage to a minimum. This means, in 
Louisiana, root rot damage can occur during fall, winter, and 
spring.
Effective disease management practices to prevent damage 
by Pythium attack over this extended period are lacking. Due 
to the complex nature of this soilborne disease, no one 
practice, such as fungicide treatment or drainage can provide 
a satisfactory level of root rot control. Therefore, the most 
effective way to manage the root rot problem in sugarcane is 
through an integrated management approach using sustainable 
practices to reduce disease severity to an acceptable level.
In this research investigation, three aspects of Pythium 
root rot were studied. The first was the potential of organic 
wastes used as a soil amendment to suppress root rot. Many
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investigations have revealed that composts derived from 
organic waste can provide root rot control. However, most 
involved short duration crops or container-grown plants. 
Other field application of composts have realized improved 
crop growth and yield benefits; although, no attention was 
paid to possible improvement in root health. In the present 
study, some organic wastes provided considerable root rot 
control under short-term greenhouse conditions. The results 
suggest that soil amendment with these wastes offers the 
potential for an effective, sustainable root rot management 
practice.
Composts derived from municipal solid waste did not 
provide root rot control, instead it aggravated the root rot 
problem. However, field application of municipal solid waste 
in sugarcane, sometimes resulted in crop growth and yield 
increases. These results indicate the need to study the 
effects of each organic waste under field conditions.
The results of the present study suggested that certain 
chemical and biological properties are associated with the 
ability to suppress diseases. Therefore, it is important to 
determine the chemical characteristics of composts, including 
organic matter content, C:N ratio, major nutrient levels, Mn, 
Na, salts, and heavy metal content, and the biological 
characteristics, especially the level of microbial activity. 
These properties can be affected by processing and age of the 
material, so these variables need to be considered also when
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characterizing wastes to develop predictors of disease 
suppressiveness.
In addition to identifying organic wastes that can 
provide Pythium root rot control, other aspects need to be 
studied. Among them, rate of application, method of 
application, and timing of application are important 
considerations. Sugarcane being a perennial crop, such 
practices should fit into existing field operations without 
significant addition to the cost of crop production.
Uses of organic wastes in agriculture also provides a 
useful and beneficial method of waste recycling, in place of 
the present costly landfilling. Therefore cost of such 
disposal should be diverted to process organic wastes so they 
will be suitable for use in agricultural application. This 
disposal practice will not be successful if farmers incur 
significant additional costs of crop production.
Results from the investigation of the effects of 
herbicides on Pythium root rot in sugarcane indicate that 
they have the potential to cause crop damage by increasing 
root rot severity. There was no evidence of disease control 
even following application of herbicides that inhibited the 
growth of Pythium in culture.
It is unlikely that herbicides can be repla-ced with any 
other practice to keep weeds under control. Therefore, it is 
important to study the effects of herbicides on root disease. 
Pythium is an unspecialized pathogen that can attack root
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that are under stress. Herbicide screening practices should 
focus finding compounds that do minimum stress to the plant, 
so that attack by opportunistic fungi such as Pythium could 
be kept at a minimum.
The results of investigation into alternative hosts of 
P. arrhenomanes indicated the potential importance of weeds 
as hosts for the root rot pathogen. Unfortunately, problem 
weeds in sugarcane, including johnsongrass, bermudagrass, and 
itchgrass appear to be favored by the pathogen compared to 
other weeds. Therefore, weed control provides indirect, as 
well as, direct benefits by keeping the inoculum at a low 
level and reducing overwintering and persistence of the 
pathogen during fallow periods.
The results of the present study provide supporting 
evidence to previous speculation that Pythium may not be the 
only pathogen involved in root rot of sugarcane. This was 
indicated by the differential responses of metalaxyl and 
disease suppressive organic waste amendments in different 
soil types.
In conclusion, this investigation demonstrated the 
importance of developing a comprehensive understanding of the 
factors affecting sugarcane root rot in order to develop more 
effective, integrated disease management practices. The use 
of organic waste soil amendments to suppress root rot offers 
a new sustainable alternative for managing the complex root 
disease problem of sugarcane. The additional benefits of
providing alternative waste recycling methods offers the 
opportunity to create partnerships between municipalities or 
industries and agriculture.
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APPENDIX
EFFECTS OF SOIL AMENDMENT WITH SOME ORGANIC WASTES ON ROOT 




Several investigations have revealed that composts 
derived from organic wastes applied under field conditions 
provide improved plant growth that result in yield increases. 
(Bevacqua and Mellano, 1994; Brock, et al.,1995; Hallmark et 
al. , 1994; Lumsden, et al. , 1983b; Pagliai et al. , 1981;
Piccolo and Mbagwu, 1990) In many instances, this has been 
atributed to improvement of soil physical and chemical 
properties. Few field investigations have been conducted to 
evaluate root disease control (Asirifi et al. , 1994; Lumsden, 
et al., 1983b).
In greenhouse studies, soil amendment with some organic 
wastes increased sugarcane growth while reducing root rot 
(Chapter 2) . Therefore, a preliminary experiment was 
conducted in a sugarcane field using soil amendment of 
organic wastes that provided disease suppression in the 
greenhouse experiments.
MATERIALS AND METHODS
The experiment was conducted during early Summer, 19 94 
(date of planting: 27 May) in a sugarcane field at the St. 
Gabriel Branch Experiment Station of the Louisiana 
Agricultural Experiment Station located in Iberville Parish 
to observe the effects of soil amendment with organic wastes 
under field conditions. Planting sites were prepared by 
loosening the soil of a 50-cm-diameter, 20-cm-deep volume and 
infesting with P. arrhenomanes isolate 230 inoculum prepared
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as described previously at the rate of 10 ml/L of soil (Hoy 
and Schneider, 1988a). Then, planting sites were amending 
with three different kinds of organic waste. Treatments 
included were amendment with nonsterile or steam-treated 
forms of cotton gin trash compost (20% v/v), partially-dried 
sewage sludge (approximately 15% solids) (10% v/v) from 
LaPlace, LA, and sugar mill filterpress cake from Cinclare 
Mill, West Baton Rouge Parish. Additional treatments included 
application of metalaxyl at the rate of 0.93 Kg ai/ha, and 
mancozeb at the rate of 2.33 Kg ai/ha to P. arrhenomanes 
infested, unamended planting sites. The control treatment 
consisted of sites infested with P. arrhenomanes without any 
amendment. Four-week-old CP 70-321 plants raised from single- 
bud-cuttings were planted one plant per planting site. Each 
treatment consisted of five replications (five plants). After 
8 wk, plants were uprooted, root systems were washed free of 
soil and root fresh weight (RFW), shoot dry weight (SDW), and 
number of shoots per plant (SN) were recorded. In addition, 
the root system of each plant was evaluated by subjective 
visual ranting for the amount of lateral root system 
reduction and the degree of root discoloration due to root 
rot. Rantings were made on a scale of 1-4 in as described in 
Chapter 2.
RESULTS
Amendment with nonsterile and steam-treated forms of 
cotton gin trash compost and sugar mill filterpress cake
167
increased SDW, RFW, and SN and reduced root rot symptoms 
(Table 42). The magnitude of the growth increases was higher 
for the nonsterile waste amendments. In the case of sewage 
sludge, only the nonsterile form increased SDW, RFW, and SN 
compared to control treatment plants. However, both the 
nonsterile and steam-treated forms reduced root rot symptoms 
compared to the control treatment. Metalaxyl and mancozeb 
treatments increased plant growth while reducing root rot 
symptoms. Amendment with nonsterile cotton gin trash compost 
resulted in the greatest increases in plant growth, while 
growth increases resulting from amendments with nonsterile 
forms of sewage sludge and filterpress cake and the metalaxyl 
treatment were comparable.
DISCUSSION
The results of the field experiment were similar to 
those from the greenhouse experiment observations with 
nonsterile organic wastes. Under field conditions, steam- 
treated cotton gin trash compost and filterpress cake also 
had beneficial effects on plant growth and root rot control. 
The outcome of the preliminary field experiment supports the 
conclusion that soil amendment with organic wastes can 
provide an effective, sustainable practice that will reduce 
root rot severity and increase the yield of sugarcane.
TABLE 42. Effects of soil amendment with organic wastes on sugarcane growth in
an experiment conducted in the field during Summer. 1994________________________















21.7 117 •1.0 3 . 0 3 . 0
Sewage sludge R 53 . 6* 237* 4 .2* 1.5* 2 .0*
S 27 . 8 155 2.2 1.5* 2 . 0*
Cotton gin trash R 94 . 1* 333* 5 .6* 1.0* 1.3*
compost S 54 .2* 271* 7 . 0* 1.0* 1.3*
Sugar mill filter­ R 53 .6* 250* 4.3* 1.0* 1.5*
press cake S 45.3* 253* 3.6* 1. 0* 2 . 0*
Metalaxyl 62 . 7* 241* 3 . 7* 1.0* 1. 5*
Mancozeb 32.9 178* 2 . 6* 2.3* 2.2*
a Treatments consisted of plants of CP-70-321 grown in field soil infested with Pythium 
arrhenomanes amended with nonsterile (R) or steam pasteurized (S) forms of each organic 
waste or treated with metalaxyl and Mancozeb.
b Mean values within a column followed by * significantly different from the control
treatment (P=0.05) based on dunnett test.
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